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Evidence of childhood obesity as a strong predictor of risk of non-commu ni cable diseases 
has been accumulating world wide over the last three decades. The focus of this study was 
to provide a cross-sectional picture of the influence of the demographic and 
epidemiological transition on health habits, lifestyle changes, dietary patterns and obesity 
risk among 6- 13 year old Kuwaiti school children. A sample of 1536 Kuwaiti school 
children was recruited in 2001 through a multi-stage cluster and stratified sampling 
technique to investigate the impact of these environmental factors. The study design 
included administration of a structured and pretested socio-demographic, health habits and 
lifestyle questionnaire. Of these a sub-sample of 224 ramdomly selected subjects (>14% 
of total) (with a response rate of 86.6% n=194) undertook a 7-day dietary intake and 
physical activity record and anthropometric measurements. Some biochemical indices of 
nutritional risk were further assessed among 224 of eligible subjects (mean age 10.3 ±2-4 
yrs; response rate 50.9%, n=1 14) in 2003. Findings from this study confirm the presence 
of high income and increased food availability and choice the consequences of which 
included intake of high energy, high fat, sugar and salt-based diets (above recommended 
intakes) coupled with a sedentary lifestyle with low levels of daily total energy 
expenditure. Positive energy balance was confirmed by evidence of overweight and 
obesity (>65% above 85 th percentile for BMI cut-off of 25 k gM. 2) with at least 21% obese 
(above 95h percentile i. e. BMI 30 k g/M2), increased ZSFT and increased WHR. 
Furthermore, biochemical evidence of the nutritional risk was found with high levels of 
serum fasting glucose, total triacylglycerols and total cholesterol levels associated with 
low HDL-c levels, the latter further supporting the notion that their levels of physical 
activity were low (mean physical activity level PAL of 1.29 ±0.13). The biochemical 
indices suggest that nearly 15% of subjects were at risk of the metabolic complications. 
These findings also evidenced by increasing trends of obesity over the last two decades in 
a similar age-matched cohort suggest the presence of a nutritional transition with 
potentially serious health consequences. This provides opportunities for action and 
implementation of new nutrition and public health actions to avert any health crisis in this 
population. A strategic framework for intervention involving school-based nutrition and 
health promotion, community, family and stakeholder participation and government 
policy reviews and interventions have been proposed as a medium to long term solution. 
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CHAPTER 1.0 Introduction 
18 
1.1 Obesity phenomenon 
Obesity is a major global public health problem and is increasingly being seen among 
populations in both developing and industrialised countries. Evidence for this growing 
trend has been reported widely (WHO 1998,2000,2002) and underscore the 
epidemiological and nutritional transitions which have accompanied the shift in economic 
fortunes and incomes of populations across different continents. 
Obesity refers specifically to having an unusually high proportion of body fat or adipose 
tissue in relation to lean muscle mass. Industrial isation, urbanisation, economic 
development and market globalisation may have led to changes in the dietary and lifestyle 
patterns of people the world over leading to the emergence of obesity and diet-related, 
chronic, non-communicable diseases (NCDs), which are taking over from the more 
traditional under nutrition and infectious diseases as causes of morbidity and mortality 
(Moussa, 2004; SuArez-Hcrrera, 2006). 
Evidence for this epidemiological transition is reflected in the shifts in disease types, 
patterns, morbidity and mortality. For instance in Chile, which has seen its per capita 
Gross National Product (GNP) doubled over the last two decades, there has been a 
dramatic reduction in infant mortality rate to less that 10 per 1000 Live Births (compared 
to the regional average of 35.7 per 1000 live births) whilst over the same period, the 
prevalence of non-communicable diseases, particularly cardiovascular disease has 
increased from 54% in 1970 to over 75% in 1998 (Kain el al, 2002). 
The trends in obesity mentioned above have been observed in many countries in economic 
and nutritional transition, particularly the Arab Peninsula region where income levels have 
risen dramatically over the last few decades (Must et al., 1999; National Task Force on the 
Prevention and Treatment of Obesity, 2000; Al Isa & Moussa, 2000; Bartrina et al., 2006). 
Countries in the region are faced with the double-burden of disease, having to tackle 
traditional communicable as well as life-style related NCDs including cardio vascular 
disease (CVD), diabetes mellitus, hypertension and some cancers associated with obesity 
19 
(Abdella et al., 1996; Al Khawari et al., 1997; Saleh et al., 2000; El-Hazmi & Warsy, 
2001). 
1.2 Obesity: Impact and Cost 
Obesity has an extensive impact on personal health with repercussions for the quality of 
life, having a direct impact on disability adjusted life years. Its associated risks to other 
diseases and syndromes (co-morbidities) are well reported, and its impact on family and 
public health care costs cannot be over-emphasised. Of particular note and interest are its 
association with insulin resistance, dyslipidaemia, high blood pressure and glucose 
intolerance (the metabolic syndrome or syndrome X) all of which are associated with risk 
of type 2 diabetes mellitus and ischaernic heart disease (Berenson el al., 1998; Klein et al., 
2004; Malekzadeh et al., 2005). Furthermore, obesity increases the risk of orthopaedic 
complications, respiratory problems, secondary infertility problems and psychosocial 
consequences in the form of a negative self-image, emotional, social and behavioural 
problems, and depression (Seidell, 1995; Wolf & Colditz, 1996; Renders et al., 2004). 
Of late, not only adults but also children and adolescents are failing victims to obesity. 
The words "pandemic" and "epidemic" have been used to describe the recent dramatic 
upward trends in child, and adolescent overweight and obesity, (Kimm and Obarzanek, 
2002; and Chopra et al., 2002). Obese children and adolescents may have a range of 
medical conditions including dyslipidaemia and type-2 diabetes. Other problems, such as 
musculoskeletal discomfort, obstructive sleep apnoea, heat intolerance, asthma and 
shortness of breath, greatly affect their lifestyle (Must el al., 1999) and present a serious 
challenge for parents, governments and those concerned with public health. 
In economic terms, the direct and indirect treatment costs of obesity are estimated at E6.6 
to 7.4 billion per year in the United Kingdom (Ofcom, 2004). Similarly the economic 
burden of obesity in the United States is estimated to be between 99 and 117 billion 
dollars annually (Wolf and Colditz 1998; Thompson and Wolf, 2001). These costs in 
industrialised countries are likely to be increasingly seen in countries presently in 
economic transition and many developing countries if present trends continue. No where 
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is this scenario more stark than in the Arab Gulf region where obesity prevalence ranges 
from 16 to 35 per cent among the populations of Bahrain, Kuwait, Oman, Qatar, Saudi 
Arabia and the United Arab Emirates (UAE) (Al Mousa & Parkash, 2000; Al-Haddad el 
al., 2000; Al-Mahroos & Al-Roomi, 2001; Musaiger, 2004). In these countries obesity 
among children, adolescents and young adults of both sexes is rapidly on the increase and 
evidence of the chronic diseases among young people has been reported (Al-Isa, 1997; El- 
Hazmi & Warsy, 2002; Al Mousa et al., 2003). 
1.3 Assessment of childhood obesity 
The continuing presence of child-related obesity makes it important that nutritionists and 
public health researchers be able to assess health and nutritional status by a number of 
available measurements and examinations. Although arguments about the best means of 
measuring childhood obesity abound, there is nonetheless a growing consensus about the 
use of anthropornetry as a relatively inexpensive means of measuring nutritional status if 
carried out by trained individuals. Strictly speaking, factors influencing nutritional status 
in childhood lend themselves to both qualitative (e. g. estimation of levels of physical 
activity employing standardised physical activity questionnaires) and quantitative 
assessments. Indeed, others have blended the use of these measurements with clinical 
assessments in order to define nutritional risk in individual children which are applicable 
to any context. A consensus definition of nutritional assessment by U. S. Department of 
Health and Human Services (DIIHS) is as follows: "the measurement of indicators of 
dietary status and nutrition-related health status to identify the possible occurrence, nature 
and extent of impaired nutritional status" (Lee & Nieman, 2003). The following 
paragraphs summarise the commonly employed means of assessing nutritional status in 
childhood, some of which were selected to undertake measurements in the present study. 
Anthropometry is an important process in assessing nutritional status related for 
measuring body dimensions and composition (Wood et al., 2003). In large-scale 
population surveys, BMI, WHR, SIFT are commonly used, in spite of the variations 
and limitations, as a surrogate of more complicated methods to indicate the extent 
of overweight and for body fat content (Hartz el al., 1983; Dehghan el al., 2005). 
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9 Another important measure is the estimation of dietary intake and physical activity 
level to estimate energy balance (energy intake vs. energy expenditure). The 
capability to classify people at nutritional risk and to successfully enhance their 
physical condition has prepared this assessment a vital tool for health professionals 
concerned to produce health care as more cost-effective. However, the assessment 
of nutritional status by using record methods requires encouragement and support. 
* Biochemical examinations are also an important measure to ensure the current and 
future health risks, such as diabetes, anaemia, and a risk of coronary heart disease 
risk. Biochemical or laboratory methods are used in nutritional assessment 
including measurements of nutrients or their metabolites in blood, feces, or urine, 
or measuring a variety of other components in blood and other tissues that have a 
link to nutritional status. For example, metabolic syndrome or syndrome X is a 
new concept estimated by using biochemical methods. However, this concept was 
considered by very rare studies in the local region. 
1.4 Environment and socio-economic transition 
Evidence for the mechanisms of obesity development is still evolving and presently not 
fully understood. It is however clear that obesity can occur when energy intake exceeds 
energy expenditure (NIHCM, 2003; Nestle, 2003) i. e. when a person is continually in a 
state of positive energy balance. Therefore, any factor which can disturb or shift the 
balance between the two energy components, i. e. intake vs. expenditure, will over time, 
affect the health and nutritional status of individuals. 
The socio-economic, demographic and epidemiological transitions observed in developing 
countries (particularly the Arab Gulf region) over the last three decades, raises health 
concerns among these populations particularly with regard to lifestyle changes and health 
habits which relate to the modifiable risk factors for obesity and its co-morbidities. This 
transition makes the environment a major determinant of obesity particularly in countries 
with rising incomes. 
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Associated with the socio-economic transition are new health habits and behaviours 
related to diet, physical activity, and lifestyle. For instance, food has become more 
affordable to larger numbers of people as the price of food has decreased substantially 
relative to income. The concept of 'food' has also changed from a means of nourishment to 
a marker of lifestyle and a source of pleasure and a social event i. e. every meal time is 
tantamount to a 'feast'. Clearly, the implications of this increased intake of energy are a 
requirement for increases in physical activity in order to offset the potential for chronic' 
positive energy balance which would lead to overweight and obesity (Styne, 2005). 
1.5 Gene-environment-lifestyle interactions 
The rapid increase in the incidence of childhood obesity has forced many researchers to 
study this phenomenon from different angles. Ebbeling et al. (2002) and others suggested 
any factor that raises energy intake or decreases energy expenditure by even a small 
amount will cause obesity in the lonR-term althouah the mechanism of obesity 
development is not fully understood. Studies of Goodrick et al. (1996); Hill & Peters 
(1998); and Grundy (1998) found that environmental factors and lifestyle preferences play 
a major role in increasing the prevalence of obesity worldwide. To a little extent, 
childhood obesity is due to genes, medical causes, or side effects due to drugs like steroids 
(Montague et al., 1997; Link et al., 2004). 
Current scientific evidence suggests that obesity may result from energy imbalance which 
is multi-factorial and rather complex. These complex factors may be interactive and 
synergistic and as has been reported and debated following earlier work of Lucas (1991) 
and others, the underlying risk of obesity and its related co-morbidities like diabetes and 
heart disease may be inter-generational as occur within a single life cycle. Barker and 
colleagues proposed the "fetal origins" hypothesis, which posits that poor fetal nutrition 
causes adaptations that program future propensity to obesity, diabetes and cardiovascular 
disease (Barker, 1992; Barker et al., 1993; Barker, 1994). More recently, risk factors for 
clinical conditions including type 11 diabetes mellitus and hypertension have been shown 
to exhibit plasticity, the origins of which may be intrauterine growth restriction (IUGR) 
leading to nutritional programming of memory cells which under the right conditions, 
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express themselves (Lucas et al., 1998; Lucas el al., 1999; Martorell et al., 2001; Harding, 
2001; Barker, 2003). 
Ells et al. (2005) stated that "contrary to a popular misconception, fewer than 1% of 
childhood obesity cases are directly caused by a genetic disorder". Nevertheless, genetics 
may form part of a complex interaction with many other environmental and behavioural 
factors, as illustrated by Bray (2002) who stated that a child's genetic make-up 'loads the 
gun' while their environment 'pulls the trigger'. This mean that obesity genes are best 
expressed in appropriate environment (an environment that promotes high energy intake 
and low physical activity i. e., obesigenic environment) (Allison et al., 1999; Newell el al., 
2007). Parsons et al. (1999) to identify risk factors for obesity concluded that parental 
fatness, social factors, birth weight, rate of maturation, genetic predisposition, physical 
activity, dietary, and other behavioural or psychological factors contributed to the onset of 
obesity. Whitaker and Dietz (1998) have proposed that prenatal over nutrition might affect 
lifelong risk of obesity. According to their hypothesis, maternal obesity increases transfer 
of nutrients across the placenta, inducing permanent changes in appetite, neuroendocrine 
functioning, or energy metabolism. 
1.6 Thrifty phenotype and genotype 
The thrifty phenotype and thrifty genotype hypotheses, rather than being contradictory, 
are best seen as complementary. The simple definition for the relationship between 
genotype and phenotype is that the genotype codes for the phenotype. The thrifty 
genotype hypothesis can account for selection over many generations, and hence 
population differences in susceptibility to clinical conditions (e. g. type 11 diabetes), 
whereas the thrifty phenotype hypothesis lends itself to individual adaptations within a 
lifespan (Poulsen et al., 1997; Lindsay et al., 2000a; Lindsay et al., 2000b). Despite 
populations differing in the prevalence of type 11 diabetes, its incidence appears to be 
closely related to the environmental conditions of westcrnisation with rapid increases 
occurring within a generation (Hales, 1997; Tataranni el al., 2000; Lindsay et al., 2000b; 
Prentice, 2001; Bener, 2005). 
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Several lines of evidence support the premise that genetic factors alone cannot explain the 
demographic and ethnic variations in overweight and obesity prevalence. According to 
Sobal & Stunkard (1989); and Kumanyika (1994) there is a difference in obesity 
prevalence among low and high-income white women in industrialised societies. Other 
studies of populations, including migration studies, have shown an increase in average 
body weight in those who move from a traditional to a Westernised environment (Kawate 
el al., 1979; Kawate el al., 1980; Ravussin et al., 1994). According to Popkin & Udry 
(1998) immigrants' offspring continuing to live in USA develop even higher rates of 
obesity than their parents. More recent studies in Brazil have also documented the 
coexistence of underweight and overweight within the same family (Florencio el al., 
2001), which implies that environmental factors rather than genetics are concerned. 
Overall, genetic factors may have an effect on individual predisposition; however, rising 
prevalence rates indicate that environmental and perhaps, pcrinatal factors must underlie 
the childhood obesity epidemic (Ebbeling et al., 2002). At present, environmental 
conditions for obesity expression are being created in Kuwait and other affluent Arabian 
Peninsula countries. These conditions need to be ascertained in order to provide evidences 
from different ways that environment factors are likely to be responsible for the fast rising 
trends of obesity. 
1.7 Obesity: The Middle East context 
Data on obesity in the Arabian Peninsula, located in the Middle East region, showed that 
the prevalence rate among adults is the highest in the world (Al-Isa, 1995; Al-Mannai et 
al., 1996; Al-Nuaim et al., 1997; Al-Isa, 1997; Moussa et al., 1999; Al-Mahroos & Al- 
Roomi, 2001). However, the proportion of obesity varies from country to country and 
between geographical areas within a country (Musaiger, 2004). 
In Arabian populations, obesity represents a major threat to health and quality of life 
(Binhemd et al., 1991; Al-Shammari et al., 1994a; Al-Mahroos & Al-Roomi, 1999). 
Socio-cultural norms in Arab countries, where rich high-fat food play an important role in 
the daily diet and where "plumpness" (fatness) is considered healthy and a sign of beauty 
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and affluence, have been suggested as underlying factors in the alarmingly high 
prevalence of obesity in the region (Nasser, 1986; Al Shammari et al., 1994b; Al-Isa, 
1997). Several studies (Amine and Samy, 1996; Al-Isa, 1997; Al-Isa and Moussa, 1998; 
Al-Mahroos & Al-Roomi, 1999; Hassan and Al-Kharusy, 2000; El-Hazmi and Warsy, 
2002; Jeya et al., 2004) described that Arabian Peninsula (or Arabian Gulf Region) 
countries have undergone significant epidemiological transformation over the past two or 
three decades resulting in the modification of lifestyle to a more sedentary way of living, 
with considerable reduction in the extent of physical activity, and increase in intake of fast 
foods. 
1.7.1 Kuwait and Arabian Peninsula countries 
The prevalence of adult obesity and type 2 diabetes in Kuwait is among the highest in the 
Arab peninsula (Abdella el al., 1996), and cardiovascular disease, for which obesity is a 
risk factor, is the leading cause of mortality and morbidity (Moussa et al., 1999). The rise 
in the prevalence of obesity does not start suddenly, as it is likely to be emphasised during 
childhood. Al-Isa and Moussa (1998), who studied obesity among Kuwaiti pre-school 
children, aged 0-5 years, found 7.5% of male and 9.0% of female children were obese. 
The proportion increased to 8.1% and 8.8% for school children aged 6-9 years, and to 
36.8% and 35.9% for those aged 10 - 13 years (Al-Mousa and Parkash, 2000). 
Several studies suggested that childhood obesity in Kuwait is influenced by social and 
environmental factors (Eid et al., 1986; Moussa et al., 1999; Moussa, 2004). Al-Isa (2005) 
has shown that when compared to the NCHS reference population, the BMI of Kuwaiti 
adolescents aged 10 - 14 years exceeded that of their American counterparts in each 
centile categories > 50th centile. Their BMI also exceeded those of the Saudis. Among 
males, overweight and obesity was found to be 29.9 and 15.7%, respectively. In females, 
overweight and obesity were found to be 31.9 and 13.1%, respectively. This highlights the 
fact that there is a grave need in the region for researches based on comparison with 
previous local subjects, to help in better understanding the trend of obesity problem. 
Currently, it is believed that the economical status is an important drive that contributes to 
the rapid progress in Kuwait and brings to light new dietary and activity habits. 
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Nevertheless, effort is still required to prove that the present population is more 
overweight than those lived previously in less comfortable lifestyle. In view of the fact 
that genetics of various populations is not expected to change in the past 100 years (Das, 
2005), the comparison of physical characteristics (weight, height, and BMI values) of 
current subjects with those lived few decades ago is required to prove the impact of the 
environmental factors that associated with the socio-economic transition. 
In other Arabian Peninsula countries such as Saudi Arabia there is a problem of being 
overweight and obese in addition to incorrect balance between body fat and muscle 
content resulting in over-fatness and under-muscularity among Saudi adolescents 
(Abalkhail and Shawky, 2002). A plausible hypothesis is that modernisation has affected 
both Saudi boys and girls. In Saudi Arabia, one in every six children aged 6 to 18 years 
old is obese (Al-Nuaim et al. 1996a; and Al-Nuaim et al. 1996b). El-Hazmi and Warsy 
(1997) attributed the high prevalence of obesity in the Saudi population to several factors. 
According to them the factors include 1) Dietary habits: There is a high consumption of 
dates and carbohydrate-rich food. 2) Lifestyle: The lifestyle is quite sedentary, especially 
for females, and most of the time is spent indoors. Only a very small proportion of the 
population is active. The majority of the households have help maids and socializing is 
frequent. 3) Climate: The climate is generally hot for at least six to eight months of the 
year in most regions. The hot climate does not encourage individuals to indulge in many 
physical activities and cars are used for even short-distance travel. Afternoon siesta, soon 
after a meal, is an ingrained habit and can be considered as a factor in the aetiology of 
obesity. Abalkhail (2002) attributed the changes in overweight and obesity in both sexes 
to the increase in body weight rather than changes in height since there were no apparent 
changes in height over time. 
Among Bahrainis, Al-Mahroos and Al-Roomi (2001) found the overall rate for obesity 
was 29%. The association of obesity with lack of physical activity, higher levels of 
education, and higher income levels indicates that lifestyle factors play an important role 
in the aetiology of obesity among the Bahraini population. 
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In the United Arab Emirates (UAE) Amine and Samy (1996) reported that food intake 
between meals and in particular fast foods, limited physical exercise and long aftemoon 
napping were important contributors to the development of obesity. Jeya et al. (2004) 
found that in UAE, an arid and dry region with two distinct seasons: a hot summer, with 
temperatures exceeding 500C, and a milder winter, for adolescent females sleeping was 
the predominant "activity" during schooldays and on the weekend between 13: 00-16: 30. 
Weather restrictions, cultural, and social change of the community play a major role in the 
patterns of physical activity and levels of inactivity in adolescent females in the UAE and 
may explain, in part, the rise in the incidence of obesity in this population. Following their 
study of the prevalence of obesity among school children in the United Arab Emirates, Al- 
Haddad el al. (2000) reported that the 50th centile of the BMI was not diffierent from that 
for the US. Using the 85th percentile as the criterion, Al-Haddad el al. (2000) classified 
16.5% and 16.9% of males and females, respectively, as overweight and concluded this 
indicates high levels of obesity were prevalent among the UAE children and adolescents. 
Comparing of BMIs to international reference data Al-Haddad et al. (2005) revealed that 
UAE children were at increased risk for overweight (>25 kg/M2) and obesity (=30 kg/M2). 
The frequency of obesity among UAE youth was two to three times greater than the 
recently published international standard. 
1.7.2 Other Middle East populations 
In a survey of 2-5 years old children in the Gilan and Sistan provinces of Iran, Dorosty 
et al. (2002) found that 8% of children were obese, which was significantly higher than 
expected. In Tehran (Iran Capital), Azizi (2001) found that 13.3% of girls aged 10 - 19 
years and 12.6% of boys in the same age group were overweight, and 4.1% and 6.7% 
were obese, respectively, showing a relatively high prevalence. 
According to Sibai et al. (2003a) most Lebanese adults, 20 years of age and older, are 
overweight (53%, BMI 2: 25 kg/m 2) , and 17% are obese (BMI ý: 30 k g/M2) . The respective 
estimates for overweight and obese children (5 19 years) were also high, reaching 22.5% 
and 7.5% in boys and 16.1% and 3.2% in girls. Whereas lack of exercise associated 
significantly with obesity among children, obesity in older adults was more prevalent 
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among the least educated, and those reporting family history of obesity. Among children, 
boys and those who did not exercise were significantly more likely to be obese than their 
counterparts. In Lebanon, only a small number of schools include physical education in 
their curricula, and parks, public beaches, and walking/bicycle lanes are totally lacking, 
with the result that leisure-time physical activity remains inaccessible to a vast segment of 
the population (Sibai et al., 2003a; Sibai et al., 2003b). 
In a study on overweight and obesity among School children in Sana'a City, Yemen, 
Raja'a el al. (2005) reported that the overal I prevalence of overweight and obesity is 8.1 % 
in both males and females. Females were found to have a higher BMI than males, as a 
majority of female students in Yemen live at home, are less active as traditional culture 
restricts their activity outdoors, and consequently by being more at home they are in 
frequent contact with food. The prevalence of overweight and obesity was also higher 
among non-active students when one or both of the parents are obese. The prevalence of 
overweight and obesity was positively associated with the father's education, as the level 
of education in Yemen is associated with increased income, resulting changes of dietary 
habit and lifestyle. Raja'a et al. (2005) also reported the prevalence of overweight and 
obesity was positively associated with students who took unhealthy food (butter, ghee, 
fast foods and high-energy foods). 
Kogoglu et al. (2003) found that prevalence of obesity among Turkish children was 
significantly higher in habitually rapid eating children (14.8%) and in those who 
habitually swallow large pieces (14.6%). They found obesity was more prevalent in 
children who belong to high-income families and whose fathers had higher education. 
1.8 Summary 
Obesity has become a common medical disease in most developed and developing 
nations, and can result in serious co-morbidities and health consequences. While adult 
obesity is an important risk factor for developing type 11 diabetes and other non- 
communicable diseases (NCDs), childhood obesity is most important because adverse 
effects and associated risk tend to be emphasised in the early stage of life. 
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Socio-economic environment characterised by sedentary lifestyle and ready access to 
abundant food is probably the primary reason lying behind the increase in the prevalence 
of obesity. In Kuwait and Arabian Peninsula countries alike, the risk of obesity increased 
over the last few decades in tune with the socio-economic transition. The rise in the level 
of socio-economic status has led to changes in various lifestyle habits, such as poor food 
selection and sedentary lifestyle. These changes were then realised as grounds for the rise 
in the prevalence of obesity, see Figure 1.1. 
Socio-economic transition 
High level of socio-economic status 
A significant change in the prevalence of various lifestyle habits (i. e. poor food choice and 
sedentary lifestyle) 
Energy intake exceeds energy expenditure 
I 
Overweight and/or Obesity 
Figure 1.1 Schematic summary of obesity development over the last few decades in 
Kuwait and similar Arabian Peninsula countries. 
It is clear that there is a lack in the number of studies that reveal the impact of socio- 
economic transition in Kuwait. Except for BMI, a very few studies identified overweight 
and obesity based on other anthropometric techniques such SFT and WHR in Kuwait to 
elucidate possible evidences that the environmental risk factors are the main contributors 
of childhood obesity. There is also a lack of data related to the estimation of dietary intake 
which is usually used in combination with physical activity measurement, to estimate 
energy balance (energy intake vs. energy expenditure) in the region. Furthermore, 
available data are very scarce related to biochemical indices to ensure the current 
nutritional status of the Kuwaiti school-age children. The current work intend to provide 
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further insight on this issue by the analysis of common anthropometric variables (BMI, 
SIFT, and WHR), dietary intake and physical activity level (7-days dietary and activity 
records), and the components of metabolic syndrome of school age children. As far as we 
are aware, this is the first study in Kuwait which considers such approach and outcomes in 
one frame to predict the possible nutritional risks that contribute in increasing calorie 
intake or physical inactivity for the age group 6- 13 years. 
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CHAPTER 2.0 Aims and Objectives 
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2.1 Rationale and Justification for the Present Study 
Obesity, which is a major risk factor for many non communicable diseases (NCDs), has 
become prevalent in both developed and developing nations (Sinha et al., 2002; Maffeis et 
al., 2003). In Kuwait, which is in economic, epidemiological and nutrition transition, 
obesity and associated NCI)s have recently appeared as a serious public health problem. 
There is growing evidence of increasing secular trends in the levels of childhood obesity 
in Kuwait and the Arab peninsula as a whole (Musaiger, 2004; Al-Isa, 2005; Al-shammari 
et al., 2006). Childhood obesity as a significant precursor for adult obesity has been 
reported by Al-Isa (1995), and Gahagan (2004). However, the high rates of obesity 
accompanied by upward shifts in body-fat distributions among the population cannot be 
attributed solely to genetic factors as argued by others (Magbool, 1994; Lobstein et al., 
2004; Whincup & Deanfield, 2005). Only 1% or less of childhood obesity cases is directly 
caused by genetic disorder (Ells el al., 2005). 
Over the last 3 decades, Kuwait has undergone significant modemisation resulting in 
changes of dietary habits and lifestyle. A number of studies have reported a concomitant 
rise in obesity across all age groups and in particular, high levels of overweight and 
obesity pre-school and school-age children (Al-Isa and Moussa, 1998 and 2000). This 
shift in health habits, lifestyles and food choice especially among children may have 
increased the risk of NCI)s among the Kuwaiti population with possible significant 
implications for public health and government expenditure on health. This apparent 
increasing secular trends however need to be examined more closely not only on the 
context of Kuwait but in relation to its implications for the entire Arab Gulf region where 
reliable epidemiological data are still relatively scarce and comparability is generally poor 
(Moussa, 2004; Al-Haddad et al., 2005). 
In Kuwait, although various studies have been carried out, to date, no single study has 
attempted to examine these secular trends in the context of dietary related behaviour (in 
particular food choice), physical activity, health habits and lifestyles among school-age 
children as part of single framework in order to determine associated risk factors 
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(environmental risk factors) as a basis for suggesting ways of addressing childhood 
obesity and health risks in the country. 
The purpose of this study is to provide a cross-sectional picture of current influences on 
nutritional status and point prevalence of overweight and obesity among a representative 
sample of school-age children (age 6- 13 years) in Kuwait. Of particular interest is 
examination of secular trends in the last two decades of this cohort of children and 
ascertaining nutritional risk factors in relation to environmental risk factors arising from 
the economic and demographic transition in Kuwait with rising household incomes, food- 
related behaviour, physical activity and other health-related lifestyle changes occurring 
over the last three decades. 
2.2 Objectives of the Study 
The present study was designed to address the following issues: 
I- Ascertain the health habits and food-related behaviours that relate to nutritional 
status among a representative sample of 6- 13 year old Kuwaiti school children. 
2. Study food consumption patterns and physical activity levels in a stratified sub- 
sample of this population. 
3. Undertake a comprehensive assessment of body fatness using anthropometric 
indicators (employing regional and international cut-offs). 
4. Assess biochemical evidence of nutritional status and NCD risk (including the use 
of lipid profiles, blood glucose levels, and selected minerals) as a proxy measure 
of risk of the metabolic complications among this population sample. 
It is envisaged that findings from this study will contribute to the body of knowledge on 
the subject of childhood obesity in Kuwait and help clarify the extent to which 
environmental risk factors contribute to secular trends. The deductions made from 
findings could also contribute to the development of nutrition and health-related 
guidelines for school-age children and assist in future nutrition interventions aimed at 
reducing childhood obesity in Kuwait. 
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CHAPTER 3: Subjects, Materials and Methods 
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3.1 Study design 
The state of Kuwait is a small Arab country located in the north eastern part of the 
Arabian Peninsula, bordering the Persian Gulf (known locally as the Arabian Gulo, 
between Iraq and Saudi Arabia (Al Khawari et al., 1997). It is an urbanised and lightly 
populated country divided into six Governorates (Provinces). Since the government of 
Kuwait bears all expenses of the education of Kuwaitis, the majority of children (about 
94%) go to government schools. While children aged 6-9 years attend primary schools 
those who are in the age group of 10 to 13 attend intermediate schools. 
This study was conducted over the period between 2001 and 2004. During the academic 
year 2001/2002, the total number of school-age children 6 to 13 years old was 167055 
(M=83310 and F=83745) attending a total of 349 primary and intermediate schools. 
Among these, 42387 boys and 42944 girls were in primary schools while 40,923 boys and 
40,801 girls attended intermediate schools (Ministry of Education, 200 1), see Table 3.1. 
Table 3.1 A summary of total number of students in 349 primary and intermediate schools 
in Kuwait, academic year 2001/2002 
Education level Boys Girls Total 
Primary (6 -9 years) 42387 42944 85331 
Intermediate (10 - 13 years) 40923 40801 81724 
Total 83310 83745 167055 
This study was designed to enable a cross-sectional investigation of a representative 
sample of 14 per cent of the total number of primary and intermediate schools in Kuwait. 
During recruitment, sample size calculation gave a total of 1536 representing 6.7% of 6- 
13 year olds in the 48 schools i. e. just under 1% (0.92% of total school age population) of 
the total number of children in this age group throughout the country. 
3.1.1 Subjects 
A sample population of 1536 school children (M=768 and F=768) aged 6 to 13 years, 
were recruited using a multistage (cluster) stratified random sampling technique 
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(Waterlow el a/., 1977-, 1 licks, 1982). A list ot'government schools was obtained from the 
Dcpartment of' Public Relations at the Education Ministry. Two primary and two 
intermediate schools Ilor cach -gender werc randornly sclected 
From each of' the six 
governorates ol' Kuwait flor drawing the sample allIOLIFIting to a total of' 48 schools. 
StUdents in the age group ol'6 - 13 were classified into I`6ur groups, cach representing one 
ol'thc possible combinations ol'the 11ollowing categories. I'ducation: primary (6 -- 9 years 
ol'age) and intermediate (10 - 13 years ol'age), Sex: boys and girls. A Urlif'orm sample of' 
96 students in each age/sex category was selected by simple random sampling 
proportional to tile number of'children in each school, using school records, with a total of 
394 StUdents in each education levcl/sex group-, see flow chart in Figure 3.1. 
1536 schoolchildren, 
froin 48 schools 
768 students, aged 6- 
9 years, from 2-1 
primary schools 
384 students From 12 
inales schools (2 
schools from cacti of 
the six governorate) 
Agcs: 6789 
No. : 96 96 96 96 
384 students from 12 
leniales schools (2 
schools 1rom each of' 
tile six governorate) 
Ages: 0789 
No. : 96 96 96 96 
768 students aged, 
10- 13 years, From 24 
intermediate schools 
3 84 StUdents from 12 
males schools (2 
schools from each of 
the six governorate) 
Ages: 10 11 12 13 
No. : 96 96 96 96 
384 students from 12 
females schools (2 
schools from each of 
the six governorate) 
. 
Ages: 10 11 12 13 
No. : 96 96 96 96 
Figure 3.1 Shows a summary ofthc sampling techniques employed flor the selection of'6 
13 old Kuwaiti school children 1'01' ilICILISIOll III thiS StUdy. 
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The resulting multistage stratified random sample was 1536 students representing 6.7% of 
the total Kuwaiti students aged 6- 13 years in the 48 schools (Table 3.2). In 2001, a sub- 
sample of 224 were ramdomly selected subjects (>14% of total) with a response rate of 
86.6% (n=194) undertook a 7-day dietary intake and physical activity record and 
anthropometric measurements. In 2003, another sample of 224 eligible subjects from the 
original cohort (1536) was randomly recruited to undertake a number of biochemical 
indices of nutritional risk. Of these, 114 accepted to participate (mean age 10.3 ±2.4 yrs) 
i. e. a response rate 50.9%. Although the study design was planned to include all aspects of 
data gathering from the outset, not all measurements were carried out during the same 
time frame. The rationale for choosing an unmatched sub-sample for biochemical analyses 
was partly the result of the volume of tasks involved in data collection, measurements and 
logistics. 
Table 3.2 Scheme of the selected sample of students (age 6 to 13 years) in 48 Kuwaiti 
schools 
Subjects Gender Primary Intermediate Total 
(6-9 years) (10-13 years) 
Population M 5528 6295 11823 
F 5601 5627 11228 
Total 11129 11922 23051 
Sample M 384 384 768 
384 384 768 
Total 768 768 1536 
% of sample M 6.9 6.1 6.5 
F 6.8 6.8 6.8 
Average 6.9 6.4 6.7 
The age of students was determined from records of their dates of birth. The age was 
rounded to the nearest year, e. g. 9 years and 5 months was considered as 9 years. Only 
healthy students were included in the study and students suffering from chronic diseases 
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that affect growth were excluded. In all 23 students (9 boys & 14 girls) representing 1.5% 
of the total sample size were excluded and replaced, using the same selection criteria, until 
a total number of 1536 was completed. Written informed consent (Appendix 1) was 
obtained from parents and teachers and assent obtained from students before they were 
included in the study. 
3.1.2 Sample size 
Irrespective of the original distribution, if the sample size is big enough (typically > 30), 
then the sample mean will have a normal distribution. This useful approach is known as 
the central limit theorem (Clarke, 1993; Mason et al., 2003). For a normal distribution, 
95% of values lie between ±1.96 standard errors from the mean i. e. the normal distribution 
is symmetric around the mean. 
In this study, the sample size was determined to ensure there were 384 students in each 
education level/sex group as it was believed to be adequate for achieving precise estimates 
of Prevalence, with 5% error in the sample estimated at the 95% confidence levels. The 
below formula was used to ensure the adequate sample size based on figures from a 
previous study on children in Kuwait, where several studies reported that the Prevalence 
of total overweight (overweight and obesity) among Kuwaitis was 40 to 50% (Al-Isa and 
Moussa, 1998; Moussa et al., 1999); 
n=t2xP (I -P)/d 2 (Hicks, 1982; Mickey et al., 2004) 
Where n= sample size; t= level of probability that the prevalence is within the chosen 
value (is a number taken from the distribution tables) of d required; d= the level of 
precision (sampling error) required for results; and P= the estimate of the current 
population prevalence of overweight and obesity in school-age children in the population 
under consideration (any value ?: 40 to: 5 50% can be used, or using the probability of 50% 
if no local prevalence values available). 
The compensation of such formula is: 
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The sample size for each group = (1.96)2 X 0.5 (1 - 0.5) / (0.05)2 = 384 subjects 
As the population of students in this study was divided into 4 groups, 
Therefore, total sample size (n) = 384 x4= 1536 subjects, which is the original sample 
To ascertain dietary intake, physical activity, and anthropometric measurements, a sub- 
sample was determined. In fact, researchers and statisticians accept the power of confident 
from 80% and 10% for sampling error (Mickey et al., 2004, Al Mousa el al., 2003). In this 
study the adequate individuals in sub-sample were tested to ensure not more than 10% 
error in the sample estimated at the 95% confidence level. 
By compensation on the above equation: 
Therefore, n= (1.96)2 X 0.5 (1 _ 0.5) / (0.1)2 = 96 subjects, at least in each gender. Since, 
large sample size is giving more accuracy, 112 students were chosen for each gender, with 
a total of 224 students. 
3.2 Data collection 
3.2.1 The design and pre-testing of a socio-demographic and Nutritional status- 
related habits questionnaire 
The questionnaire (instrument) employed in this study was designed to obtain socio- 
demographic information and to assess the importance to individuals of a range of factors 
related to health and nutritional status (Steptoe el al., 1995). It was used to elicit 
infon-nation on factors that relate to intakes of foods, health habits, and influences on 
children behaviour. All the selected subjects (n = 1536) were asked to answer the 
questionnaire. The data was collected through structured interviews of parents and/or 
subjects. The questionnaire had 29 questions enquiring about the background, habits and 
eating behaviour of subjects. The questions were grouped into four categories. Section'one 
dealt with personal information (e. g. number of siblings, educational levels of parents, and 
net monthly family income); section two included questions on physical activity and 
leisure interests. Section three focused on information on general health habits and 
behaviours; whilst section four had specific questions on food habits. 
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This is a modified questionnaire has been validated and reliability checked based on 
Pollard et al. (1998) incorporating a modified health habits and food frequency 
questionnaire based on the Third National Health and Nutrition Examination Surveys 
(NHANES 111, USDA) format. This was tailored to meet local needs, and pitched at a 
level of understanding of the children and their parents and also translated appropriately in 
order not to lose any meanings. Sensitivity to culture and selection of appropriate words 
were also considered. Recently, in order to combat public health consequences most of the 
questionnaire questions of this study were administered in schools as part of the class- 
room activity to provide a standard administration (e. g. a study of self-reported dental pain 
and associated factors in Ugandan school children (Kiwanuka & Astrom, 2005). Another 
study introduced evidence on the reliability and validity of the health behaviour in school- 
aged children using some similar questions of our current questionnaire (Vereccken & 
Maes, 2003). However, there is a possibility that some questions did not reflect the current 
lifestyle and habits of some subjects although we have no evidence this was the case 
because prior to the data collection the variables (questions) of survey questionnaire were 
pre-tested among comparable groups of children (80 randomly selected students; > 5% of 
total sample) in order to assess reliability and validity from different schools, and to assure 
a better understanding of related questions to the surveyed subjects of this study. Surveyed 
subjects were also fully instructed about the nature of the questionnaire and prior to 
acceptance, the parents or guardians of the children were fully informed about the 
objectives and they gave their informed consent (Appendix 1). Furthermore, prior to 
answer the questionnaire, parents/guardians and teachers were informed to assist recruited 
subjects (especially for those in primary schools 6-9 years of age) to understand the 
meaning of questions (first page of Appendix 2). 
3.2.2 Dietary intake and physical activity assessments 
The estimation of dietary intake is usually used in conjunction with physical activity 
measurement to determine the balance between energy intake and energy expenditure. 
Two surveys are generally performed by researchers to collect data, either during 24-hour 
dietary and physical activity recalls, or by 1-7-day dietary (food) and physical activity 
records (Sempos et al., 1992; Macdiarmid & Blundell, 1997; Smithers et al., 2000). While 
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the 24 hour recall method was used by few studies, the dietary record intake (7-days), as 
far as we are aware, has never been used to elucidate the most frequent pattern of diet and 
caloric intake in Kuwait and probably in the Arabian Peninsula region for the age group 6 
- 13 years. Similarly, there is a lack of data related to the 7-day physical activity records 
in the region. 
Although, actual measurements of the various components of energy balance are difficult 
to undertake, the assessment of total daily dietary intakes using the food record method 
has provided a sound basis for the estimation of daily energy intakes from previous 
studies despite its potential drawbacks, especially in assessing young children (Sempos et 
al., 1992; Buzzard, 1994; Schroder et al., 2001). Furthermore, prediction equations for the 
estimation of total daily energy expenditure which take into account BMR and physical 
activity levels (PAL) in relation to age and gender have given reliable data in studies of 
energy balance in different age groups (Schofield et al., 1985; and WHO, 1985; Baur el 
al., 2000; Steinbeck, 2001; Department of health, 2003). 
In nutritional assessment, dietary methods require to accomplish surveys measuring 
quantity of nutrients intake or food consumption during a specific interval to understand a 
range of related standards. In order to collect data, the two surveys (during 24-hour dietary 
recall or I to 7-day dietary records) are performed by using food composition tables or 
specific computer programs to convert dietary intake data to nutrient intake data or food 
contents. In spite of the limitation of these tables (e. g. the potential error of computerised 
diet analysis programs), these data have considerable value in assessing nutritional status 
when applied in conjunction with anthropornetric and biochemical data (Beaton, 1994). 
A person's food selections and physical activity change from day to day, and therefore a 
single 24-hour recall is not representative of a person's usual diet and activity (Witschi, 
1990, Conway el al., 2002). This study has tried to obtain information on nutrient intake 
and physical activity ratio by using 7-days dietary and physical activity record methods on 
a sub-sample of study population. Although, both dietary and activity records for seven 
days need much effort and long time, findings of these methods are clearly advantageous 
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to have valuable information help to introduce evidence that the types and excessive 
intake of nutrients in addition to increased physical inactivity are the main reason of 
obesity. The main advantages to using this method, it provides a large amount of 
interesting physiological and social information on life styles, as well as it provides 
information about the types and strenuousness of different forms of physical activity 
(Torun, 1996; Maclntyre el al., 2004). Furthermore, detailed outcomes can help Kuwaiti 
authorities make a correct decision in this regard for future interventions or governmental 
programmes. 
3.2.2.1 Dietary intake 
Dietary intake data were collected via a 7-day food record diary form (Appendix 3). A 
sample of 194 subjects (M=99 and F=95) completed these food records with parental 
guidance. Subjects were asked to keep a record of everything they ate and drank, 
including the type of food, food preparation methods and the amount eaten, as suggested 
by Willett, (1998). They were also expected to include food and drink and snacks eaten 
outside the home (e. g. school meals). Furthermore, written instructions and directions for 
using the food diary were provided to assist in completion of the diary (Appendix 3). Data 
collected from all 7 days' food records were collated into an excel spreadsheet and used to 
estimate the intake of energy, macronutrients, and micronutrients. 
For each individual, the averaged values obtained from 7 days intake were calculated and 
reported as average daily intake of energy and other nutrients using regional and 
international food composition databases (Sawaya et al., 1998; Lee & Nieman, 2003) 
including the USDA food database. The database of Sawaya et al., (1998) was employed 
with particular reference to recipes and dishes that were specific to Kuwait and the Arab 
Gulf region. For other foods for which local dietary reference values were not available, 
energy and nutrient intake data were estimated using the international food databases. 
Comparisons of intake were then made with UK dietary reference values (DRVs), 
(Department of Health, 2003). Energy intake (El) was compared with the estimated 
average requirements (EAR) in kcal/d (more recently, WHO and FAO have recommended 
the use of mJ/d as a preferred way of reporting energy intakes). Nutrient intakes were 
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compared with reference nutrient intakes (RNI) for three age groups 6,7-10, and 11-13 
years. 
3.2.2.2 Physical activity 
Physical activity is a flexible component of the energy expenditure equation, and is 
measured as a part of the nutritional status assessment of individuals (Steinbeck, 2001). 
Physical activity of the 194 subjects was assessed by the diary method using a validated 
physical activity questionnaire for children and adolescents (Lee & Nieman 2003; 
Department of health, 2003) which was adopted and modified to suit the context of this 
study. Parents were asked to assist in the accurate reporting of the type and duration of 
physical activity (Mamalakis el al., 2001) undertaken by the subjects over a seven-day 
period. For each individual, the averaged values obtained from 7 days physical activity 
diary were calculated using physical activity ratios for specific activities (Schofield et al, 
1985) to quantify the qualitative data obtained of physical activity. These values were then 
transformed (as shown in the equations below) into daily physical activity levels (PAL) 
and reported as such. 
The steps involved in estimating PAL are summarised as follows: 
A. Estimation of basal metabolic rate (BMR). Equations for estimating BMR for 
individuals of both genders using age and body weight were derived from Schofield et al. 
(1985) study, as following: 
Males: BMR= (17.7 x body weight)+ 657 (Kcal/day) 
Females: BMR=(13.4xbodyweight)+692 (Kcal/day) 
B. Estimation of PAR: Physical activity ratio (PAR) was used to provide an energy cost 
for each activity. The energy expended by subjects aged 6- 13 years in physical activity 
terms was calculated from the typical time used for various specific activities and the 
energy cost of each activity (e. g. see Table 3.3 and Appendix 4; Department of Health, 
1991; 2003). 
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C. Estimation of total daily energy expenditure (TEE). Published values of energy costs 
were employed in transforming individual data from BMR and PAR into TEE values 
(Torun, 1990; Torun et al., 1996; Ainsworth et al., 1993; Ainsworth et al., 2000; Harrell 
et al., 2005). The energy costs of activities performed over half to one hour as PAR are 
given in Appendix 4 (derived from the Committee on Medical Aspects of Food Policy 
(COMA) (Department of Health, 2003). 
D. Estimation of Physical Activity Levels (PAL). Physical activity level (PAL) was 
calculated by the ratio of total daily energy expenditure (TEE) to basal metabolic rate 
(BMR), according to the following formula suggested by James & Schofield (1990), 
Black (2000) and Conway et al., (2002): 
PAL = TEE / BMR 
E. Following estimation of daily energy intake and expenditure using the various 
prediction equations above, the average ratio of energy intake to basal metabolic rate (EI / 
BMR) were also calculated for all subjects included in this part of the study. Comparisons 
of intake were then made with expenditure. 
Table 3.3 Duration of time spent and energy cost of activities (PAR) 
Activity Hours Energy cost (PAR) 
Boys Girls 
Bed 8 1.0 1.0 
School 6 1.6 1.5 
Light 7 1.6 1.5 
Moderate 2.5 2.5 2.2 
High 0.5 5.0 5.0 
Average 4.8 2.34 2.24 
PAL 24 1.56 1.48 
Source: the Committee on Medical Aspects of Food Policy (COMA) (Department of Health, 2003). 
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The method which has been used (timed record of activities and associated energy costs) 
consists of a combination of a timed activity record, i. e. the average total duration of each 
of the activities throughout the whole 24h of the day (for 7 days), and an energy value (in 
kcal/min) for each of these activities. These energy values were derived from published 
data. In fact, physical activity records have the unique advantage of providing additional 
information on the types of activity and time devoted by individuals to specific activities 
(Conway et al., 2002). 
Note: Almost every occupation needs some mix of light, moderate, or vigorous activities, 
depending on the task performed. To categorise the activity level of any position the 
following steps were performed: 
1. flow many minutes (or hours) each day did the subject spend on the types of 
activities expressed as light, moderate, or vigorous? 
2. To achieve a total caloric expenditure, minutes spent doing activities within each 




n, the total kilocalories spent doing light, moderate, and vigorous activities were added 
together to arrive at the subject's total energy expenditure in a typical day. 
3.2.3 Anthropometric measurements 
Quantification of adipose tissue mass can be achieved by a number of laboratory methods 
including underwater body density measurement and body fat content estimated by the 
dual energy X-ray absorptiometer (DEXA). Magnetic resonance imaging (MRI) and 
computed tomography (CT) have provided researchers with opportunities to describe 
human adiposity in further detail (Lukaski, 1987; Seidell et al., 1987; Gray et al., 1991; 
and Sobol et al., 1991). 
Although, accurate measures of body composition often are required as scaling factors to 
normalize physiologic variables (Goran, 1998), measuring body fat by these techniques is 
often expensive and not readily available. For individual assessment of body composition, 
anthropometry is being replaced by more accurate but also more complicated methods. It 
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however remains a valid tool for epidemiological studies of the body composition in large 
groups (Abalkhail & Shawky, 2002; Lawlor & Leon, 2005). In large-scale population 
surveys, several studies highlighted that body mass index (BMI), waist to hip 
circumferences ratio (WHR), and skinfold thickness (SFT) are commonly used, in spite of 
variations and limitations, as a surrogate to indicate the extent of overweight and for body 
fat content (Krotkiewski et al., 1983; Flood et al., 2000; Dehghan et al., 2005). 
In order to determine the impact of energy intake and physical activity levels on body 
composition, a number of physical measurements were performed on each of the 194 
subjects (M=99; F=95) who undertook a 7-day food record and activity diary. Weight and 
height were measured from which the body mass index (BMI) was subsequently 
calculated. Body girth measurements (Waist and Hip Circumference) and skinfold 
thickness (SFT) were also measured at selected sites for children (Lohman, 1987; 
Lukaski, 1987; Lohman et al., 199 1; WHO, 1995). 
3.2.3.1 Weight, Height, and Body Mass Index 
Weight and height can be compared to reference data and reported as Z-scores (or 
standard deviation (SD) score), percentiles, or percent of median (Wang et al., 2002). Z- 
score is useful because a population can be expressed statistically, and then z-scores can 
be used as cut-points (Armitage & Berry, 1987; Flood et al., 2000). However, the most 
widely surrogate index used is Quetelet's index, better known as body mass index (BMI). 
It has been used routinely to classify subjects as obese or non-obese (Dalton et al., 2003). 
The BMI-based classification of overweight and obesity has been well received by the 
research community (Seidell et al., 2001), making comparisons for obesity prevalence 
between or within populations feasible. 
The common categories used for classifying individuals and populations as overweight 
and obese was defined by WHO, overweight as BMI of 25 or more and obesity of 30 or 
more (WHO, 1998). The cut-off point for obesity merely indicates the greatly increased 
health risks above this level of body fatness (30 kg/m 2) . However, the main disadvantages 
to using BMI indicator, it does not distinguish between weight due to muscle and that due 
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to fat although the correlation between BMI and body fat adjusted for height is high 
(Harrison, 1985; Spiegelman et al., 1992; Pietrobelli el al., 1998). Furthermore, these cut- 
off points do not apply well for children because BMI changes throughout childhood 
(Obarzanek, 1993; Dietz & Robinson, 1998). As an alternative, Center for Disease 
Control and Prevention (CDC) in United States has developed paediatric growth charts to 
be used for assessing the nutritional status of children and teens 2- 20 years of age, for 
both genders males and females. The charts illustrate percentile curves (cut-off points) of 
height for age, weight for age, weight for height, and BMI for age available from the 
website of the National Center for Health Statistics at www. cdc. gov/growthcharts 
(Kuczmarski et al., 2000). Gahagan (2004) reported that the percentile cut-off points were 
established to identify underweight, overweight, and obesity in children as following: 
Underweight BMI-for-age < Sth percentile 
Overweight BMI-for-age ?: 85th percentile to < 95th percentile 
Obesity BMI-for-age ý: 95th percentile. 
Weight was measured with subjects bare footed and wearing light clothing (school 
physical education uniform e. g. very light shorts and vest for boys) to the nearest 0.1 
kilogram (kg) employing a pre-calibrated electronic digital SECA weighing balance with 
an attached stadiometer (SECA 770, UK). Each measurement was taken at the same time 
in the morning before subjects had their breakfast. Three measurements were taken of the 
weight in each individual and the average of two concordant readings used as the weight 
of the subject. 
Height was measured to the nearest 0.1 centimetre (cm) using an attached stadiometer. 
Each subject instructed to stand barefoot in the Frankfurt horizontal plane (looking 
straight ahead). Three measurements were taken for each subject and each measurement 
of height recorded was the average of two concordant readings. 
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Body-Mass Index (BMI), i. e. the measurement of weight relative to the square of the 
height in metres (m 2), for children (Cole et al., 2000) was calculated using the following 
formula: 
BMI = Weight (Kg) / Height (m 2) 
BMI is a simple measure of body size and has been widely used to define overweight and 
obesity first in adults and now more generally accepted in children (Magbool, 1994; 
Colditz et al., 1995; Cole et al., 2000; Kuczmarski et al., 2000). Further analysis was 
carried out using BMI-percentile charts for boys and girls. BMI were compared to 
reference data and reported as Z-scores, and percentiles (Armitage & Berry, 1987; Al-Isa 
& Moussa, 2000). Z-score = (Observed value) - (Median value of the reference 
population) / (Standard deviation (SD) value of reference population). However, Goh et 
al. (2004) concluded for more effective management of the problem of obesity, more 
precise, simple, and cost-effective methods for the measurement of body fat percentage 
(%BF) should be developed. In order to overcome or decrease the limitations of any 
indicator used, a combination of BMI with other anthropornetric variables, such as WHR 
and SFT are considered by present study. The results with possible variations of the three 
measurements are gathered and taken into account. 
3.2.3.2 Measurement of body fat composition 
Although, SIFT technique has been used extensively (Hartz et al., 1983; Dehghan et al., 
2005), there are other methods available to measure the percentage of body fat including 
underwater weighing (hydro-densitometry) and magnetic resonance imaging (MRI). The 
most valid and reliable estimates of visceral fat can be obtained by using imaging 
techniques such as computerized tomography (CT) and magnetic resonance imaging 
(MRI) (van der Kooy and Seidell, 1993). These techniques are able to differentiate 
between subcutaneous and visceral abdominal fat (Ashwell et al., 1985; Sobol el al., 
1991). However, these methods are laborious and expensive. In addition, involvement of 
radiation exposure with CT limits the frequency of measurements (Jebb and Elia, 1993; 
van der Kooy and Seidell, 1993). Accordingly, these techniques are not suitable for 
screening large groups of individuals (Molarius and Seidell, 1998; Rankinen et al., 1999). 
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At present, there are excellent anthropometric equations that use either SIFT or 
circumferences and diameters to estimate body composition (total body density and body 
fat) for large groups at relatively low cost. However, the accuracy of these tests is affected 
by the level of technician experience and how he/she use the related equipment. Trained 
individual to carry out these tests is important to minimise measurement error, otherwise 
leads to an inaccurate estimate of the subjects' body composition. 
For large population-based studies and clinical situations, bioelectrical impedance analysis 
(BIA) is also suitable to be used. Cross-sectional studies have shown that BIA predicts 
total body water (TBW), fat-free mass (FFM), and fat mass or percentage of body fat 
(%BF) among children (Deurenberg et al., 1989; Deurenberg et al. 1990a; Deurenberg et 
al., 1990b; Danford et al., 1996). Phillips et al. (2003) reported that BIA provides accurate 
estimation of changes on %BF and fat free mass (FFM) over time. Furthermore, BIA does 
not require much training and practice to be performed but it is more expensive than SFT 
method. The main limitation to using BIA is that the surveyed subjects must adhere to 
strict pre-test guidelines in order to yield valid estimates of their body composition, which 
is mainly not acceptable by children. 
In current study, body fat composition was assessed using skinfold thickness (SFT). The 
rationale was based on the fact that skinfold thickness can be used for large population- 
based studies to estimate regional fat distribution by determining the ratio of subcutaneous 
fat on the trunk and extremities and to establish reliable anthropometric profiles (Lukaski, 
1987) and is an index of central adiposity in children (WHO, 1995; Nassis et al., 2005). 
This 2-component measurement of subcutaneous adiposity has been employed in many 
studies to estimate total body fatness in large-scale epidemiological surveys involving 
children including the National Health and Nutrition Examination Surveys [NHANES 1111 
(Frisancho, 1990; Heyward & Stolarczyk, 1996; Potvin et al., 1999; NCSH/CDC, 2000). 
Furthermore, the relative predictive accuracy of the BIA method is similar to the SFT 
method (Heyward & Stolarczyk, 1996). Flegal el al. (1990) study suggested that skinfolds 
more closely reflect the amount of adipose tissue but are subject to large measurement 
errors. 
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In order to decrease measurement error as possible, skinfold thickness was measured by 
present study at only 2 different sites (triceps and subscapular skin fold) on the body to 
estimates %BF in boys and girls. These two sites were recommended by Lohman (1987) 
to assessing body composition for young people age 6 to 20 years, with cut-points of 25% 
fat in girls and 20% fat in boys. These sites have many advantages including that they are 
highly correlated with other measures of body fatness, they are more reliably and 
objectively measured than most other sites, and reference measures are available for them 
(Lee & Nieman, 2003). 
Skinfold thickness was measured at two different sites on the body to the nearest 0.5 
millimeter (mm) using a pair of Slim Guide plastic clippers calibrated against Harpenden 
skinfold calliper. All measurements were taken on the left side of the body. The left 
triceps and subscapular skinfold thicknesses were measured, ensuring that the subject was 
standing with the upper extremities rested at the sides of the body (Mamalakis et al., 
2001). The site measured was identified and marked after initially using a flexible 
anthropometric tape to locate the mid upper arm as a landmark (midpoints on the body). 
Measurement involved first picking up a fold of skin at the site using the thumb and index 
finger, then gently placing the pair of callipers approximately 2.5 cm below the site where 
the skinfold was held (Figure 3.2; Lee & Nieman, 2003). The callipers were gently 
released and allowed to give stable readings for up to 3 seconds and the value recorded. 
This process was repeated three times and the average value of two concordant readings 
recorded as the skinfold measurement. Similarly, the sub-scapular skinfold measurement 
was taken at a landmark identified at the angle of the scapular and a similar procedure 




Figure 3.2 Illustration of how to measure the thickness of a fold of skin with its 
underlying layer of fat to estimate the % body fat, by a Slim Guide plastic. 
Source: www. bodytrcnds. com 
3.2.3.3 Waist circumference to Hip circumference Ratio (WIIR) 
It has become increasingly clear that not only the amount of fat deposited on the body but 
where it is situated is responsible for the increased risk for diseases (Hartz et al., 1983; 
Lapidus et al., 1984; Larsson et al., 1984; Carey et al., ' 1997; Folsom et al., 1998; 
Megnien el al., 1999). The importance of fat distribution was recognised in the middle of 
the last century, when subjects with an android body type (upper body fat accumulation) 
were shown to have a higher probability of various diseases than gynoid-type subjects 
(lower body fat accumulation) (Vague, 1956). 
A variety of other anthropornctric indicators have been suggested as optimal predictors of 
visceral fat. The most commonly used indicator is the waist-to-hip ratio (WHR), which 
was initially proposed in Sweden (Krotkiewski el al., 1983) and in the United States 
(Hartz et al., 1983) in the early Eighties. Waist-to-hip ratio (WHR) combines two 
circumference measurements: the waist measurement includes visceral organs and 
abdominal fat, whereas that of the hip reflects fat mass as well as muscle mass and 
skeletal frame (Molarius & Seidell, 1998). Waist and hip circumferences are relatively 
uncomplicated and quick technique employed to indicate abdominal obesity using simple 
equipment and has been shown to be a good predictor of visceral fat by several studies 
(Kahn et al., 1996; Yamaguchi et al., 1996; Paccaud et al., 2000; Dalton el al., 2003). 
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Although WHR is a powerful predictor of numerous diseases (Bjbmtorp, 1993; Allison et 
al., 1995; Seidell et al., 1997), WHR as a ratio is not easy to interpret biologically or to 
use in statistical analyses. The most important limitation in using this anthropometric 
indicator for assessing abdominal obesity is the lack of universal threshold values or cut- 
off points (Seidell et al., 2001). Attempts have been made by scientists to derive cut-off 
points for WHR but no consensus has been reached about the appropriateness of these 
different cut-off points (Molarius and Seidell, 1998). However, several studies found 
WHR is useful in public health work and continues to be a useful research tool in 
epidemiological studies (Bj6mtorp, 1993; Lissner et al., 1998; Klein et al., 2004). 
In the present study Waist and hip circumferences were measured using flexible 
anthropornetric tapes (Body Care, UK) measuring to the nearest 0.1 cm (Flood et al., 
2000). Waist circumference was measured at a level midway between the lowest margin 
of the last rib (or the level of the xiphisternum in front) and the iliac crest (or level of the 
umbilicus) in a horizontal Plane. Hip circumference was measured at the maximum widest 
point over the buttock (i. e. using the left and right greater trocanter of the femur as 
landmarks). 
For each of waist and hip circumference, three measurements were recorded and two 
concordant readings for each measurement were recorded for each subject. The waist-to- 
hip ratio (WHR) was then calculated by dividing the mean waist circumference by the 
mean hip circumference. 
3.2.4 Biochemical investigations 
Biochemical examinations are also an important tool to ensure the present and future 
health risks. The high quantity of glucose in serum is regarded as an indicator of diabetes, 
the level of haernoglobin in blood describe iron status, and cholesterol levels in blood can 
guesstimate coronary heart disease risk (Mamalakis et al., 2001). Numerous studies 
reported that undesirable levels of total cholesterol, low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL-c) cholesterol, triglycerides (TG), and fasting 
insulin are associated with adiposity in children (Laskarzewski et al., 1980; Aristimuno, 
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1984; Smoak et al., 1987; Ronnemaa et al., 1991; Wattigney, 1991; Freedman, 1999). 
Recently, the incidence of metabolic syndrome (syndrome X) among population has 
attracted much attention. However, this new concept was considered by very rare studies 
in the region and therefore there is a need to identify whether Kuwaiti schoolchildren are 
at increased risk of the metabolic syndrome. 
A further sub-sample of 224 subjects was recruited from the original cohort (1536) to 
undertake biochemical measurements in 2003. With a 50.9% response rate, a total of 114 
subjects eventually took part (M=54; F=60); average age 10.3 (±2.4) years. The sample 
size was determined to ensure there were at least 96 students in each sex. Subjects were 
fully briefed about the nature and purpose of the biochemical measurements and prior to 
acceptance, the parents or guardians of the children were fully informed about the 
objectives and methods and they gave their informed consent. 
All biochemical investigations were undertaken at the specialist laboratory of Al-Razi 
Hospital, Kuwait city, employing the CX7 analytical (automated Biochemistry analyser) 
and Sysmex SF 3000 (automated Haernatology Analyser) instruments, USA. While SF 
3000 reagents were purchased from Sysmex Corporation, USA all others reagents used in 
the study were from Beckman Instruments, Inc., USA. Centrifugation was done using a 
MISTRAL 1000 centrifuge (MSE Company, USA). 
For biochemical studies early morning venous blood samples were collected after a 12- 
hour overnight fast to analyse the lipid profiles, serum glucose, magnesium, calcium, and 
iron status. Professional staff collected the blood samples using standard scientific 
methods and following health and safety procedures. Sample tubes were kept closed at all 
times in a vertical (stopper-up position), for no longer than two hours before serum was 
separated by centrifugation. Samples were stored frozen at -15 to -20'C for a maximum 
of four weeks until all of them were analysed. All biochemical variables were determined 
using a Beckman Synchron CX7 instrument (Beckman, 1996), employing time end point 
methods (Bucolo & David, 1973; Allain et al., 1974), and biosensor technology (Byfield 
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et al., 1994). Haernoglobin (Hb) analysis was carried out directly without centrifugation, 
using fully autornatcd Sysmcx SF - 3000 haernatology analyscr. 
3.2.4.1 Synchron Delta CX7 System 
The system was manufactured by Beckman Instruments, Inc. It is a random access clinical 
analyser capable of performing a wide variety of chemistry tests in a single run. All 
calculations are performed by the system internally, including sample preparation 
dilutions, to produce the final reported result. Although the analyser performs only those 
tests programmed by the operator, all system functions are totally automated and under 
control of the onboard microprocessors (Beckman, 1996). 
The system contains individual sectors, with each sector capable of holding 7 samples. It 
is connected with a computer system in order to achieve the routine operation by 
programming samples, loading reagents, or performing any of the special function options 
that are available. Then, the concentration of physico-chernical signals originating at the 
electrodes in the flow cell and the sensors in the reaction cups are amplified and 
subsequently processed and outputted to actual concentration values. 
Glucose (Glu) 
One glucose reagent bottle (500 ml), Synchron CX calibrators 1,2 & 3, two levels of 
control material, Synchron CX wash solution and saline were used to quantitative the 
analysis of glucose in serum by Synchron CX7 Delta System. Acceptable reagent 
performance was measured by successful calibration and by ensuring that quality control 
results are within our facilities acceptance criteria. The glucose assay was calibrated every 
24 hours by calibrators 1,2 &3 and also calibrated after changing new bottle reagent or 
wash solution, in addition to two levels of control material, normal and abnormal, were 
analysed daily. 
This instrument determines the concentration of glucose by an oxygen rate method using a 
Beckman oxygen electrode (Kadish et al., 1968). Ten pL was injected into a reaction cup 
containing a glucose oxidase solution, where the ratio used is one part sample to 100 parts 
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reagent. The rate of oxygen consumption was determined by electronic circuits, which 
was directly proportional to the concentration of glucose in the sample (Morrison, 1972). 
A constant voltage was applied through an electrochemical cell and then the current flow 
that is produced by oxidation / reduction reactions (Figure 3.2) proportional to the 
concentration of the analyte which gives a linear response proportional to glucose 
concentration, especially in diabetic blood samples. The glucose concentration that was 
measured based on immobilised enzyme-glucose oxidase (GOD) used to oxidise glucose 
to produce hydrogen peroxide (1120A Subsequently, H202 was destroyed until not back to 
oxygen by adding ethanol to the reagent in the presence of catalase, and then iodide and 
molybdate were added to ensure complete destruction of H202. The following reactions 
explain the pathway: 
Glucose + 02 
(GOD) 
H20 
Gluconic acid + H202 
H202 + 02 






membrane Cellulose acetate 
GOD membrane 
Acetaldehyde + H20 
12 + H20 
H202--- 
2e' 
02 + 211+ 
(D Electrode 
Figure 3.3 Shows the oxidation Of H202 with a constant voltage. 
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Triglycerides (TG) 
Two triglycerides reagent cartridges (2 x 300 tests), CX multi calibrator, two levels of 
control material and Saline were used for the quantitative determination of total 
triglycerides concentration in serum on Synchron CX Delta Systems. Acceptable reagent 
performance was measured by successful calibration and by ensuring that quality control 
results are within our facilities acceptance criteria. The triglycerides glycerophosphate 
oxidase (GPO) reagent cartridge was calibrated every 14 days and also calibrated after 
changing new reagent cartridge, in addition to two levels of control material, normal and 
abnormal, were analysed daily. 
Triglycerides GPO Reagent is used to measure the triglycerides concentration by a timed 
endpoint method (Bucco et al., 1973). Because of the action of lipase, triglycerides in the 
sample are hydrolysed to glycerol and free fatty acids. A sequence of three coupled 
enzymatic steps using glycerol kinase (GK), Glycerophosphate oxidase (GPO), and 
Horseradish peroxidase (HPO) causes the oxidative coupling of 3,5-dichloro-2- 
hydroxybenzenesulfonic acid (DIIBS) with 4-aminoantipyrine to form a red quinoneimine 
dye, see the following chemical reaction scheme: 
Triglycerides 
Lipase 
10 Glycerol + Fatty acids 
Glycerol + ATP 





Glycerol-3-phosphate + ADP 
Dihydroxyacetone + 11202 
HPO 
2H202 + 4-Aminoantipyrine + DHBS 0, Quinoneimine Dye + IICI + 2H20 
The Synchron CX system automatically proportions the appropriate sample and reagent 
volumes into the cuvette, where the ratio used is one part sample to 100 parts reagent. The 
system (CX7) monitors the change in absorbance at 520 nanometres. Such change in 
absorbance is directly proportional to the concentration of triglycerides in the sample and 
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is used by the system (CX7 instrument) to calculate and state the triglycerides 
concentration. 
Cholesterol (TQ 
Two cholesterol reagent cartridges (2 x 300 tests), CX multi calibrator, two levels of 
control material and Saline were used for the quantitative determination of cholesterol 
concentration in serum on Synchron CX Delta Systems. Acceptable reagent performance 
was measured by successful calibration and by ensuring that quality control results are 
within our facilities acceptance criteria. The cholesterol reagent cartridge was calibrated 
every 14 days and also calibrated after changing new reagent cartridge, in addition to two 
levels of control pools, one between 175 and 200 mg/dL, and the other between 200 and 
240 mg/dL, were analysed daily. 
Cholesterol reagent is employed to determine the cholesterol concentration by a timed 
endpoint method (Allain et al., 1974). In the reaction, Cholesterol esterase (CE) 
hydrolyses cholesterol esters to free cholesterol and fatty acids. Free cholesterol is 
oxidised to cholestene-3-one and hydrogen peroxide by cholesterol oxidase (CO). 
Peroxidase catalyses the reaction of hydrogen peroxide with 4-aminoantipyrine (4-AAP) 
and phenol to produce a colored quinoneimine product according to the following 
chemical reaction scheme: 
Cholesterol ester CE 
Cholesterol + 02 CO 
2H202 + 4-AAP + Phenol Peroxiclase- 
Cholesterol + Fatty acid 
Cholestene-3-one + H202 
Quinoneimine + H20 
The Synchron CX system automatically proportions the appropriate sample and reagent 
volumes into the cuvette, where the ratio used is one part sample to 100 parts reagent. The 
system (CX7) monitors the change in absorbance at 520 nanometres. Such change in 
absorbance is directly proportional to the concentration of cholesterol in the sample and is 
used by the system (CX7 instrument) to calculate and express the cholesterol 
concentration. 
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High density Upoprotein-cholesterol (HDL-c) 
Two HDL cholesterol reagent cartridges (2 x 300 tests), CX HDL cholesterol calibrator, 
two levels of control material and saline were used for the quantitative determination of 
HDL-c in serum. Acceptable reagent performance was measured by successful calibration 
and by ensuring that quality control results are within our facilities acceptance criteria. 
The HDL cholesterol reagent cartridge was calibrated every 14 days and also calibrated 
after changing new reagent cartridge, in addition to two levels of control material were 
analysed daily. 
Low density lipoprotein (LDL) and very low density lipoprotein (VLDL) cholesterol can 
be precipitated by dextran sulfate (50,000 Mw) and magnesium in the separating reagent 
(Assmann et al., 1974). The LDL and VLDL portions are then removed by centrifugation. 
The cholesterol in the HDL fraction which remains in the supernatant is assayed with an 
enzymatic cholesterol reagent. 
HDL cholesterol reagent is used to measure the cholesterol concentration by a timed 
endpoint method (Allain et al., 1974). In the reaction, the cholesterol esterase (CE) 
hydrolyses cholesterol esters to free cholesterol and fatty acids. The free cholesterol is 
oxidised to cholestene-3-one and hydrogen peroxide by cholesterol oxidase (CO). 
Peroxidase (HPO) catalyses the reaction of hydrogen peroxide with 4-aminoantipyrine (4- 
AAP) and phenol to produce a colored quinoneimine product, see please previous 
cholesterol reaction scheme. 
The Synchron CX system automatically proportions the appropriate HDL cholesterol 
sample and reagent volumes into a cuvette, where the ratio used is one part sample to 60 
parts reagent. The system (CX7) monitors the change in absorbance at 520 nanometres. 
Such change in absorbance is directly proportional to the concentration of cholesterol in 




Two magnesium reagent cartridges (2 x 100 tests), CX multi calibrator, two levels of 
control material and saline were used for the quantitative determination of magnesium in 
serum by Synchron CX Delta Systems. Acceptable reagent performance was measured by 
successful calibration and by ensuring that quality control results are within our facilities 
acceptance criteria. The magnesium reagent cartridge was calibrated every 7 days and also 
calibrated after changing new reagent cartridge, in addition to two levels of control 
material, normal and abnormal, were analysed. 
Magnesium reagent is used to measure the magnesium concentration by a timed endpoint 
method (Abernathy & Fowler, 1982). Magnesium combines with calmagite to form a 
stable chromogen, where the product is formed rapidly giving reproducible results with a 
minimum of interferences, according to the following chemical reaction: 
Calmagite + Mg" 0, Mg' - Calmagite Complex 
The instrument automatically proportions the suitable sample and reagent volumes into a 
cuvette, where the ratio used is one part sample to 103 parts reagent. The system (CX7) 
monitors the change in absorbance at 520 nanometres. Such change in absorbance is 
directly proportional to the concentration of magnesium in the sample and is used by the 
system (CX7 instrument) to compute and express the magnesium concentration. 
Iron (Fe) 
Two iron reagent cartridges (2 x 200 tests), Synchron System IRON/TIBC calibrator kit, 
two levels of control material and saline were used for the quantitative determination of 
iron in serum by Synchron CX Delta Systems. Acceptable reagent performance was 
measured by successful calibration and by ensuring that quality control results are within 
our facilities acceptance criteria. The iron reagent cartridge was calibrated every 14 days 
and also calibrated after changing new reagent cartridge, in addition to two levels of 
control material, normal and abnormal, were analysed daily. 
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Iron reagent is used to measure the iron concentration by a timed endpoint method. In the 
reaction, acetic acid released iron from transferrin and then is reduced to the ferrous state 
by hydroxylamine and thioglycolate. The ferrous ion in which is formed is immediately 
complexed with the Ferrozine Iron Reagent, see the following chemical reaction scheme: 
Transferr in-(Fe 3 )2 
Acetic acid pli 4.3 
10 Transferrin + 2Fe 3+ 
Fe 3+ + Hydroxylamine + Thioglycolate 0 Fe 2+ 
Fe 2+ + 3FerroZine Fe 2+ + (FerroZine)3 
The Synchron CX system automatically proportions the appropriate sample and reagent 
volumes into a cuvette, where the ratio used is one part sample to 8 parts reagent. The 
system (CX7) monitors the change in absorbance at 560 nanometres. Such change in 
absorbance is directly proportional to the concentration of iron in the sample and is used 
by the system (CX7 instrument) to compute and express the iron concentration. 
3.2.4.2 Sysmex SF-3000 Instrument 
The instrument is computerised, fully automated haematology analyser with many 
features, for in vitro diagnostic use in clinical laboratories. It provides accurate and precise 
23-parameter haematology results essential in diagnosis and therapeutic monitoring of 
patients (Sysmex web site, 2002). The SF-3000 shows two major systems, Main Unit and 
Pneumatic Unit. The Main Unit houses the hydraulic and electronic systems and their 
control components, which analyses, processes and displays the data on the colour liquid 
crystal display (LCD) screen. The second part is Pneumatic Unit, supplies the require 
pressure and vacuum for analysis. 
SF-3000 has the ability of analysing up to 80 samples per hour, including 23 analysis data 
parameters on the LCD screen. The 23 parameters are analysed by 4 detection methods 
and 5 types of reagents. Haernoglobin (Hb) determination is performed using the 
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Sulfolyser (SLS) haernoglobin detection method (Sysmex, 1995). Sysmex (1995) explain 
the Hb analysis flow as following: 
1. The whole blood is aspirated from the whole blood aspiration tube to the sample 
rotor valve. 
2. The 3.0 VL sample, which is measured by the sample rotor valve, is diluted to 
1: 333 with 0.997 mL of diluent (CELLPACK). The diluted sample is then sent to 
the flow cell. At the same time, 0.5 mL of the reagent used for fib determination 
(Sulfolyser) is added to hemolYse the red cells and transform haernoglobin into 
SLS- haemoglobin. The final dilution ratio is 1: 500. 
3. The light released at a 555 nm wavelength from the photo diode passes through the 
lens and is directed at the sample in the flow cell. The concentration of the SLS- 
haernoglobin is measured by its absorbance of light, as compared to the 
absorbance of the diluent (blank) measured before the sample entered the flow 
cell. 
3.3 Statistical analysis 
The data was analysed using Microsoft excel professional program 2003. Statistical 
Package for Social Science research (SPSS, version 10, for Windows, 1999) was also used 
for statistical analysis of socio-demographic variables, health habits, dietary and physical 
activity, anthropometric indicators, and biochemical values. Data are presented as means, 
standard deviation and standard error of means (when appropriate), and 95% confidence 
interval for all different variables. The mean values of weight, height, and BMI obtained 
in this study were compared with those of a study conducted by Eid et al. (1986) studying 
1984. Pooled means of body mass index data for each age group were plotted against the 
reference curve of Cole et al. (2000), Magbool (1994), and NCSWCDC reference 
population for boys and girls to compare with the study population. Statistical 
comparisons between boys and girls were done using un-paired-samples t-test with p- 
values <0.05 used as cut-off for statistical significance. The significant difference between 
age groups and gender were also confirmed by ANOVA single factor test. Similarly, 
energy intake and energy expenditure, physical activity levels, health habits and 
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biochemical variations were compared. Risk of the metabolic syndrome (syndrome X) 
among males and females Kuwaiti school children aged 6- 13 year was assessed by the 
estimation of glucose (Glu), triglycerides (TG), and high density lipoprotein cholesterol 
(HDL-c) serum levels. 
Comparisons were made between biochemical values obtained and appropriate age- 
specific normative or reference limits used in Kuwait. Pearson's product moment 
correlation test was done to test for any association among exposure variables and 
Student's West used to test significance of any differences found between age groups and 
gender. 
3.4 Ethical considerations 
This study was conducted with the approval of the appropriate authorities at the Ministry 
of Health, Kuwait. The study protocol was approved by the Ethics Committee of the 
Kuwait Institute for Medical Specialisation Studies and Research Unit (KIMS) at the 
Ministry of Health (Appendix 6). The education authorities in the schools in different 
governorates, parents and school children were duly informed and gave their consent 
before the subjects were included in the study. All information relating to this work is held 
in strict confidence and anonymity is assured. All data is held solely for the purposes of 
this scientific research. 
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This chapter focuses on lifestyle and socio-demographic characteristics of the study 
population and how these factors influence food-related behaviour. This part of the 
investigation of school-age children in Kuwait was aimed at examining the potential 
environmental exposure variables which may pose short and long term individual and 
public health challenges for this population. 
A structured and pre-tested questionnaire was administered to the study participants to 
obtain information on their socioeconomic background, family size, parental academic 
qualifications and income, health habits, lifestyle, and food preferences and eating habits. 
4.2 Socio-demographic and sample characteristics of subjects 
Table 4.1 below provides a summary of classification of the sample population from all 
six governorates of Kuwait. From the 48 schools selected (24 primary and 24 intermediate 
schools) a total of 1536 students representing 6.7% of the total number of school children 
at these schools matched for age and gender were chosen. The detailed sampling 
procedure of which has previously been described in the methodology chapter (chapter 3). 
Table 4.1 Sample population distribution according to gender and age groups selected 
randomly from 48 schools in six governorates in Kuwait 
Schools Students 
Boys Girls Total Boys Girls Total 
Primary (6-9 years) 12 12 24 384 384 768 
Intermediate (10-13 years) 12 12 24 384 384 768 
Total 24 24 48 768 768 1536 
Kuwait is small country and all the six governorates are close to each other (quite 
continuous without clear borders). Thirty-seven percent of subjects had three or less 
siblings and 63% who had four or more siblings in their household. This compares to 
76.3% with 4 or more siblings in a previous study in Kuwait (Moussa et al., 1999). The 
majority of parents had at least secondary education with 73% of men and 81.5% of 
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women being educated up to or above secondary level. The latter finding is also 
significantly higher than previous findings of 53.3% of females (Table 4.2a). In terms of 
net family income, only 29 % of families earned 500 KD or below (i. e. the equivalent of 
1000 UK Pounds Sterling) per month. Over 70% of the sample population reported net 
monthly family incomes above 500 KD, i. e. above L1000 with 11.7 % earning above the 
equivalent of f 2000 or more (see Appendix 7). 
Table 4.2a Socio-demographic characteristics by percentage (%) of 1536 Kuwaiti school 
children aged 6 to 13 years (A) versus findings of Moussa et al. (1999) study (B) 
Characteristics A* B** 
No. of siblins 
0-3 37.6 23.7 




Secondary 40.0 32.9 
University and above 32.9 31.1 
Secondary 32.1 28.0 
University and above 49.4 25.3 
Social class (Net Monthly Income) 
Moderate (>500 KD ý5 1000 KD) 59.4 56.4 
High(> 1000 KD) 11.7 7.2 
* Current study; ** Moussa et al. (1999) study. 
Furthermore, families in this study demonstrated improvements in socio-economic status 
based on net family income with a shift of 7.5% from low to moderate; and by 4.5% from 
moderate to a high income class compared to previous findings (Moussa et al. 1999) 
(Table 4.2a). The socio-demographic indicators in the present study provide some 
evidences of an economic transition among this cohort of Kuwaiti school children (Table 
4.2b). 
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Table 4.2b Socio-demographic indicators providing evidence of economic transition 
among this cohort of 1536 Kuwaiti school children 
Characteristics Change(A/B) Comments 
Small family size 




Secondary and above 1.14-fold from 64.0 to 72.9% 
Secondary and above 1.53-fold from 53.3 to 81.5% 
NO Monthly Family Income (KD) 
Modcratc and high social class (> 500 KD) 1.12-fold from 63.6 to 7 1.1% 
4.3 Lifestyle and habits 
Of the total number of 1536 subjects, only 90 (11.7%) boys and 28 (3.6%) of girls 
reported walking to school i. e. an average of 7.7%, with over 92% of subjects going to 
school by private transport (Table 4.3). Similarly, just under 290 (38%) of boys and 124 
(16.1%) of girls in all age groups undertake any significant walking to outdoor or leisure 
centres. The results also show that 26.7% of boys and 9.9% of girls undertake exercise of 
two hours' duration or more with only 173 subjects (11.3%) undertaking strenuous 
exercise of any kind. Sixty one percent of boys enjoyed exercise, compared to 38.7 
percent of girls who reported enjoying exercise. However, only 114 (14.8%) boys and 49 
(6.4%) girls would exercise during hot weather i. e. on average 10.6%; and over 43% and 
21% of the subjects slept eight hours or less during school days and holidays, respectively. 
Overall, 65.3% of total subjects enjoy playing with others, if they had the chance. The 
majority of subjects spent their leisure hours watching television or playing computer 
games (82%) several hours a day. 
With regards to food and eating habits, 240 (31.2%) boys and 243 (31.6%) girls reported 
fixed meal times. An average of 66.6% of subjects had breakfast as part of their daily diet 
with 551 (71.7%) and 472 (61.5%) of boys and girls respectively having breakfast daily. 
However, the figures indicate that nearly 29% of boys and 39% of girls skip breakfast. Of 
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the total number of boys and girls in each gender group across all ages in the study, four 
hundred and thirty four boys (i. e. 56% of the male sample population) and four hundred 
and eighty five of girls (i. e. 63.1% of the female sample population) regularly enjoy and 
rely on fast (convenience) foods with only 135 (17.6%) of boys and 96 (12.5%) of girls 
respectively avoiding (or trying to avoid) these foods. Furthermore, 45% of all the school 
children reported eating when there was no real need for food. Only 179 (11.6%) of the 
subjects always ate at the dinner place; while only 35.3% liked to share their food with 
others. The majority of the school children (93.5 %) did not focus on food during the 
mealtime. 
Media advertising of food appeared to play a part in food choice and habits with 616 
(80.2%) of boys and 665 (86.6%) of girls likely to select foods similar to those advertised 
on TV. Furthermore, over seventy five percent (1153 subjects) of Kuwaiti school children 
were attracted by restaurant advertisements and the toys and other tokens that were 
introduced by fast food restaurants. Similarly, peer influences seemed to be important in 
food choice with 1067 (69.5%) of all subjects in the study likely to have similar food as 
that consumed by their friends (Table 4.3). 
Parental influence in food preference and choice was reported by only 420 subjects i. e. 
27.3% of the total sample population. Similarly, only 57 subjects (3.7% of sample 
population) followed a diet plan recommended by a doctor or dietician. There was little 
interest in governmental dietary programmes with just 56 boys (7.3% of male sample) and 
103 girls (13.4% of female sample) reporting an interest in schools or governmental 
dietary programmes. 
68 
Table 4.3: Showing selected physical activity and other health habits of 1536 Kuwaiti 
school children aged 6- 13 years 
Variables Response Rates 
Boys Girls - Total N (0/0) N (0/0) 
0 Physical Activity 
Walking: 
School 90 11.7 28 3.6 118 7.7 
Outdoors / leisure 290 37.8 124 16.1 414 26.9 
Exercise Type & Frequency: 
Duration ý 2hrs/day 205 26.7 76 9.9 281 18.3 
Performing of hard exercise 152 19.8 21 2.7 173 11.3 
" Sport & Leisure Interests 
Enjoyment of exercise 470 61.2 297 38.7 767 49.9 
Enjoyment of group play 449 58.5 554 72.1 1003 65.3 
Exercising during hot weather 114 14.8 49 6.4 163 10.6 
I fours of TV viewing: 5 I hr / day 171 22.3 100 13.0 271 17.6 
" Sleeping habits: 5 8 hours 
During school days 303 39.4 367 47.8 670 43.6 
During holidays 151 19.7 179 23.3 330 21.5 
" Food habits and eating-relatcd behaviours 
Fixed meal times 240 31.2 243 31.6 483 31.4 
Daily breakfast consumption 551 71.7 472 61.5 1023 66.6 
Daily consumption of fast foods 434 56.5 485 63.1 919 59.8 
Total avoidance of fast foods 135 17,6 96 12.5 231 15.0 
Daily including vegetables in meals 248 32.3 229 29.8 477 31.0 
Eating without real need to food 351 45.7 338 44.0 689 44.9 
Eating while sitting at dinner place 98 12.8 81 10.5 179 11.6 
Eating while watching TV 729 94.9 708 92.2 1437 93.5 
or other focus 
Eating with others 249 32.4 294 38.3 543 35.3 
Food habits-rclatcd effects 
TV 616 80.2 665 86.6 1281 83A 
Friends 523 68.1 544 70.8 1067 69.5 
Parents 215 28.0 205 26.7 420 27.3 
Doctor or dietician 40 5.2 17 2.2 57 3.7 
Schools or government programs 56 7.3 103 13.4 159 10.3 
Restaurants advertisements and toys 546 71.1 607 79.0 1153 75.1 
4.4 Assessment of predictors of unhealthy habits and behaviours which are proxy 
predictors of overweight and / or obesity 
A list of 19 habits and behaviours which have been postulated as predictors of obesity risk 
among children (Cornelius, 1991; Koletzko el al., 2002; Wake el al., 2003; Caroli et al., 
2004; Serra-Majem et al., 2006) and included in the questionnaire on health habits and 
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lifestyle (described in sections 2 and 3, please see appendix 2) were analysed. The 
prevalence of these 19 habits and behaviours are shown by Table 4.4. 
The findings show that the prevalence of "always eating while watching TV or other 
focus" was the highest among boys and "always using car to school", highest among girls. 
The prevalence of "irregularly eating breakfast" was lowest among boys and "not always 
enjoy group play" highest among girls. Overall, the prevalence of such habits and 
behaviours was estimated at 64.1% (95% Cl 54.5,73.6) for boys and 68.4% (95% Cl 
58.2,78.6) for girls with an overall mean value of 66.3% (95% CI 56.7,75.8) for the 
sample population. Statistically, no significant difference was found between boys and 
girls (p=0.07 1). The pooled average response rates of these habits and behaviours, as one 
group, give an early indication of risk of overweight and obesity among this cohort. These 
observations however need to be examined against other risks and measures of obesity 
risk such as the body mass index (BMI), skinfold thickness (SFT) and girth (e. g. WFIR). 
Table 4.4: Prevalence (%) of 19 habits and behaviours as predictors of overweight and/or 
obesity among 1536 Kuwaiti school children 
Habits and behaviours (predictors) Male Female Total 
Always using car to school 88.3 96.1 92.2 
Not always undertake outdoor activity 62.2 83.9 73.0 
Exercise duration <2 hours/day 73.3 90.1 81.7 
Nature of exercise performance 51.2 66.4 58.8 
(Never and/or daily simple exercises only) 
Not always enjoy in exercise 38.8 61.3 50.1 
Not always enjoy group play 41.5 27.9 34.7 
irregular exercising in hot weather 85.2 93.6 89.4 
Daily TV viewing 2: 2 hours 37.2 36.8 37.0 
Sleeping of school days >8 hours 60.5 52.2 56.4 
Sleeping of holidays >8 hours 80.3 76.7 78.5 
Irregular eating in fixed times 68.8 68.4 68.6 
irregular eating breakfast 28.3 38.5 33.4 
Daily eating of fast food 56.5 63.2 59.8 
Not always avoid fast food 82.4 87.5 85.0 
irregular vegetables consumption 67.7 70.2 68.9 
Always eating without real need 45.7 44.0 44.9 
Irregular eating at dinner place 87.2 89.5 88.3 
Always eating while watching TV or other focus 94.9 92.2 93.6 
Not always eating with others 67.6 61.7 64.6 
% (95% Cl) 64.1 (54.6,73.6) 68.4 (58.2,78.6) 66.3 (56.7,75.8) 
70 
4.5 Discussion 
Among factors associated with childhood obesity, socio-demographic indicators such as 
number of live siblings, parental education, and net monthly income have been implicated 
as exposure risk factors in different populations. However, these may vary from one 
population to another. A study by Maffeis et al. (1994) provided strong links between 
socio-demographic exposure variables and risk of childhood obesity in Italy, whereas 
Lissau & Sorensen (1992) contradicted such assertions. In the Kuwaiti context, socio- 
demographic variables examined in this study provide evidence of a socio-economic 
transition with improving income levels and parental education, particularly among 
women. Other factors such as religious and tribal affiliations, locality and position of 
parents in the government may be required in order to make a more definitive judgment 
on socio-demographic classification of the school-age Kuwaiti child (Moussa el al., 
(1999). These early observations however also provide a basis for making comparative 
links between socio-demographic factors, lifestyle and body composition among school- 
age children in a country in economic transition such as Kuwait. 
The results suggest the existence risk factors that increase food consumption including the 
influence of peer groups, the media and restaurants through advertising and the use of 
gifts and tokens to attract young clients. There are also behaviours which result in a 
decrease in the levels of physical activity among Kuwaiti school children including longer 
hours of leisure spent watching television and / or playing video games and overreliance 
on motor vehicles to go to school. Incidentally, these 'luxuries' which now appear to be 
routine practices were not available to similar cohorts of school children in Kuwait 20 
years earlier. 
According to Cornelius (1991) the appropriate estimated sleeping hours for children 6 to 
13 years old is seven to eight hours. However, over fifty six per cent of the subjects in this 
study said they slept for more than eight hours in a day. This may be due to the fact 
school-children in this part of the world are used to sleeping the afternoon besides during 
the night. Jeya et al. (2004) reported that for adolescent females in UAE sleeping was the 
predominant "activity" during schooldays and on the weekend between 13: 00-16: 30. 
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The findings also suggested that the habit of inconsistent meal times, eating when there is 
no real need for food, eating without sitting at dinner place, eating without sharing and 
related behaviour is widespread among Kuwaiti children. For example, the results showed 
93.5% of the subjects ate while focusing on something else (e. g. TV). This implies that 
individuals may consume more food with no control. Literature suggests that children's 
obesity-promoting dietary behaviour is affected by opportunities to share family meals 
(Gillman et al., 2000) and by the amount and timing of television exposure (Saelens el al., 
2002; Wake et al., 2003; Caroli el al., 2004). 
These findings of food related behaviour and drivers of physical inactivity among these 
subjects provide information which when analysed alongside physical, physiological and 
biochemical measures of risk of overweight, obesity and the metabolic syndrome, should 
provide an objective basis for an understanding of the underlying risk factors for obesity 
in Kuwait children and provide the basis for designing a framework to tackle the risk 
factors as part of primary preventive measures as suggested by Hursti (1999) and Mela 
(1999). 
4.6 Conclusion 
The current study has revealed a tendency towards a sedentary lifestyle among Kuwaiti 
school children in addition to the unhealthy behaviours that related to food choice which 
cannot be ignored in any public health strategies. These 'environmental risks are 
additional to existing genetic predispositions which may relate to the thrifty phenotype 
and genotype hypotheses (Hales & Barker, 1992) and so compound underlying genetic 
risk of obesity in a population such as this. These will form part of the overall discussion. 
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Energy balance is an important determinant of risk of overweight and obesity. A study of 
its components and determinants is therefore imperative in attempting to ascertain the 
underlying contributors to obesity in an individual. In the present study, dietary intake was 
measured among a sub-sample of the total sample population and total daily energy 
expenditure estimated from physical activity diaries and the use of standard prediction 
equations. The focus of this chapter is to present findings of an assessment of energy 
balance based on the estimates of total daily energy intakes (TEI) and total daily energy 
expenditure (TEE). The main objective was to attempt to predict risks of overweight and 
obesity based on energy balance. 
5.2 Methodology 
The detailed methodology has already been described in chapter 3 of this thesis. In this 
section a brief explanation is provided on the practical work of this chapter. Dietary intake 
and physical activity were conducted on a sub-sample of 194 Kuwaiti school children (99 
males and 95 females) and both were completed with parents'. 
Dietary intake was estimated using a 7-day dietary record of all foods, drinks and sweets 
consumed by subjects and analysed for energy and nutrient content. All dietary records 
were completed by subjects with the help of parents / guardians (and school teachers 
where appropriate). Data obtained were collated and then subjected to energy and nutrient 
analysis using standard food composition reference data. Energy and nutrient intakes in 
the present study were then compared with the UK dietary reference values, Committee 
on Medical Aspects of Food Policy (COMA) (Department of Health, 2003). 
Physical activity was estimated from one week activity diaries kept by each subject in 
which all activities including sleep and play time, school and home leisure activities were 
recorded with the help of parents / guardians (and school teachers where appropriate), The 
averages of 7 days' activities matched to the days selected for food intake analysis were 
then collated for further analysis. Information from physical activity diaries was matched 
with existing reference physical activity ratios (PAR) (Department of Health, 2003). 
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Furthermore total energy expenditure and basal energy expenditure were derived using the 
Schofield and WHO prediction equations. Physical activity level (PAL was then 
calculated from the ratio of TEE / BMR. 
Data in this section are presented as means, standard deviation and standard error of 
means where appropriate. Comparisons are made between TEE vs. TEI; TEI/BMR vs. 
TEE/BMR (PAL); and TEI vs. PAR employing Pearson's product moment correlation test 
in order to test any associations. Tests of statistical significance were carried out to 
establish any differences between the above variables and any gender differences 
employing un-paired-samples t-test with p-values <0,05 used as cut-off for statistical 
significance. The significant difference between age groups and gender were also 
confirmed by ANOVA single factor test. 
5.3 Results 
5.3.1 Food choice and utilisation of food groups 
In order to give a better picture of food intake, Table 5.1 was developed to provide 
information on types and nature of food choices including food group categories 
frequently consumed by the sample population. The levels of consumption have been 
categorised into high (representing between 60%-100%); moderate (i. e. ?: 40% - 59%) and 
low (< 40%) subject preference, respectively. 
The most commonly consumed foods, chosen by over 80% of the subjects were white 
bread, Potato chips, Chocolate, and Cheese spread, followed by two kinds of traditional 
Kuwaiti dishes, Mcbous Dajaj (rice and chicken) and Khoubz (brown flat bread with 
sesame seeds) consumed by about 75% of children. Preference for other traditional dishes 
varied from 40% to 60%, except for Motabak Samak, a rice and fish dish, and Macaroni 
Bil Bashamil (macaroni with meat & white sauce) which were consumed by less than 
35% and more than 65% of school children, respectively. 
Over 55% of boys and 65% of girls ate eggs and Pizza, whilst, very few subjects preferred 
green salad (20.2% preference), citrus fruits (25.2% preference) and vegetables in both 
75 
genders. Biscuits, whole milk, bananas, and com flakes consumption decreased 
progressively with age for both males and females. Biscuits and whole milk were 
consumed by about 60% of subjects, whereas, bananas, and com flakes were consumed by 
fewer than 40% of the whole group. 
Preference for tea and carbonated soft drinks on the other hand, increased with age, with 
carbonated drinks consumption rising to 78% by age 13 years. Ice-cream consumption 
also increased with age, and was chosen by 67% of boys and 63% of girls respectively. 
Similarly, fast food such as Sausage McD, Chicken burger, Cheesburger-McD, and KFC- 
chicken side, were chosen by over 70% of Kuwaiti school children with intakes increasing 
with age. 
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Table 5.1 Percentages of consumers, by age and sex, of selected foods and drinks during 
the 7-day dietary record (n= 194 subjects; 99 males and 95 females) 
Foods 




Females (size in veskrs) 
6 7-10 11-13 Aver. 
Hieh Preference lConsumption (60%-100%) 
White bread 95 96 95 94 95 93 94.7 
Cheese spread 86 92 94 89 95 93 91.5 
Chocolate (snick, Acro, etc. ) 93 90 87 91 89 86 89.3 
Potato chips 86 88 91 83 82 87 86.2 
Khoubz 81 81 86 74 82 79 80.5 
(brown flat bread with sesame seeds) 
Chicken burger 78 79 84 76 so 82 79.8 
Mcbous Dajaj 77 75 80 78 82 81 78.8 
(rice and chicken) 
Cola (carbonated soft drinks) 76 77 83 75 78 79 78.0 
Sausage McD 71 75 79 70 73 77 74.2 
Cheesburger-McD 67 70 72 69 74 73 70.8 
Kfc-chick side 64 71 74 69 71 72 70.2 
Ice-cream 67 70 72 63 66 70 68.0 
Macaroni Bil Bashamil 69 65 64 70 68 66 67.0 
(macaroni with meat & white sauce) 
Eggs 63 55 57 66 69 68 63.0 
Pizza 55 58 65 59 64 69 61.7 
Da aj Belferen j 65 61 59 56 57 64 60.3 
(roasted chicken) 
Aloderate Preference /Consumption (40% - 59%) Whole milk 74 56 47 71 53 44 57.5 
Marag Laharn 57 53 49 54 58 58 54.8 
(meat stew) 
Macbous Laharn 59 50 52 55 53 57 54.3 
(spiced meat with rice and veg. ) 
Mahshi Warag Enab 51 55 48 49 48 44 49.2 
(stuffed grape leave with meat & veg. ) 
Kofta 46 40 42 44 49 50 45.2 
(minced meat and vegetables) 
Momawash 42 49 46 39 41 46 43.8 
(rice and mung beans) 
Low Preference lConsumption (5 40%) 
Corn flakes 44 39 30 38 32 27 35.0 
Bananas 41 29 25 44 33 28 33.3 
Motabak Samak 29 33 34 31 30 34 31.8 
(rice and fish) 
Tea 23 27 33 24 36 39 30.3 
Citrus Fruit 25 29 20 29 27 21 25.2 
Green Salad 21 19 24 18 17 22 20.2 
77 
5.3.2 Energy intakes estimation 
Data on total energý intake and nutrient content of' foods consumed bý the sample 
population are presented in Appendix 8. These are summarised according to gender, body 
Nvei ht. food %Nei ht. food ener N'. macronutrient and micronutrient (selected vitamins and 999. 
minerals) intakes. 
Boys were found to consume more energy than girls and consumption increased with age 
for both males and females (Figure 5.1). Statistical analysis showed that the differences in 
total daily energy intake bet\Neen males and females, \Nere not statistically significant in 6 
year olds (p=0.08) and II to 13 year olds (p=O. 12) but highly significant differences were 





1000 w Females 
500 
0 
6 7-10 11-13 
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Figure -5.1 )vlean enerp intakes :: 7S[-'Nl (kcal'daN ) across the school age range among 
Kuxý a it i chi I dren aged 6 to 13 year (n=194 subjects, 99 ma Ie and 95 female). 
5.3.3 Energy intake in relation to age-specific requirements 
The nican dailý encri! ý intakes (Fl ±SD) for males and fernales in the three age groups as 
shoNýn in Table 5.2 indicates that for all age groups, energy consumption exceeded the 
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EAR. TIlis increase in energy consumption over EARs was highest (122%) among II to 
13 year old girls and lowest among II to 13-year old boys. 
Table 5.2 Mean daily energy intake (El ±SD) among 6 to 13 year old Kuwaiti school 
children expressed as a percentage of estimated average requirements (EAR) (Department 
of Health, 2003) 
Sex & Age 
(years) 







6 1903.3 (325.8) 1715 111.0 
7-10 2194.2 (359.1) 1970 111.4 
11-13 2408.8 (375.3) 2220 108.5 
Females 
6 1696.5 (274.9) 1545 109.8 
7-10 1993.3 (325.5) 1740 114.6 
11-13 2255.4 (420.3) 1845 121.8 
Mean energy intake (± SD) per kg of body weight per day for the various age groups were 
also calculated, table 5.3. Energy intakes adjusted for body weight (kcal/kg/d) when 
compared between males and females however, showed a strong tendency towards 
significance with p-values of 0.01,2.7 x 10-, 5, and 0.03 for ages 6,7 to 10 and II to 13 
respectively. 
Table 5.3 Comparison of mean energy intake per kg of body weight (kcal/kg/d) between 
male and female Kuwaiti school children aged 6 to 13 years (n=194; males= 99 and 
females =95) 
Age (years) Males (± SD) Females (± SD) p-value 
6 74.48 (8.53) 64.96 (10.21) 0.013 
7-10 64.12 (12.96) 53.49 (10.74) 2.7 x 10-5 
11-13 49.04 (9.44) 44.94 (7.88) 0.033 
The energy intakes adjusted for body weight (kcaUkg/d) can be used as an accurate index 
to calculate the extra energy consumption because such index (kcal/kg/d) is based not only 
on energy intakes among subjects but depends also on the effect of body weight of subject 
(i. e. the ratio of total daily energy intake to body weight), which was higher than those of 
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EAR values for UK population of similar age groups and provide extra evidence that the 
current subjects are consuming high energy. 
53.4 The components of energy intake 
53.4.1 Macronutrients consumption amount (g/d) 
The intake of major macronutrients (fats, carbohydrates, and proteins) are surnmarised in 
Appendix 8. The intakes of macronutrients (g/d) increased with age for all sexes and age 
groups. The total mean amount of fat that was consumed by subjects in the current study 
on average equalled 85.9 g/d which is close to consumption levels among British adults 
(87.8 g1d). Saturated fat (SF) intakes for all age groups were also high and close to British 
adults' consumption. Similarly, carbohydrate intakes were high with mean (± SD) values 
varied from 230.3 (± 34.6) g/d and 193.8 (± 28.5) g/d at age 6 years to 271.2 (± 48-7) g1d 
and 252.4 (± 52.1) g/d at age group 10 - 13 year for'males and females, respectively. On 
the other hand, protein intakes were high with mean SD) values varied from 76.4 (1 
19.9) g/d and 73.0 (± 15.0) g/d at age 6 years to 91.8 18.0) g/d and 100 (± 20.8) g/d at 
age group 10 - 13 year for males and females, respectively. 17hese intakes of protein were 
far in exceeds of the RNI values. 
53.4.2 Average percentage of energy derived from macronutrients consumption 
(Kcal/d) 
The contributions of carbohydrates, proteins and fats were 45.9%, 16.4% and 37.2%, 
respectively, across all age groups compared to recommended intakes of 53%, 14.0% and 
34.0% for carbohydrates, proteins and total fat, respectively (McDowell et aL, 1994) as 
illustrated in Figure 5.2. This figure provides a pie chart representing these contributions 
of the components of energy intake (A). These values have been compared with results of 
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Figure --5.2 Mean (percent) values of the contribution of protein, total fat. and 
carboh\drate to daily energ\ intake among subjects (A) compared reference values based 
on data from MIANES III for individuals' ages 2 months to 19 , ears (B) (McDoýNell el 
al., 1994 cited in Lee & Nieman. 2003). 
In I-able -5.4. macronutrient 
intake is expressed as percentages of carbohydrates, proteins 
and fats to total daily energy intake, presented for different age groups. Total fat 
consumed provided on average 808.5 (±123.1 ) kcal ýd and 7' 38 (±112.3 3) kcal. /d for males 
and females. respectivelý. The average percentage of food energy derived from total fat 
was 37.2% for each sex. Saturated fatty acids (SF). mono-un saturated fatty acids (MUF) 
and poly-unsaturated fattN acids (PUF). offered on average 14% (303) ±47.3 kcal/d). 
12.9% (282.3 ±78.3 kcal, /d) and 5.3% (115.8 t-29.8 kcal/d) of food energy respectively for 
bo\s and 12.8% (254.1 ±383 kcal, 'd), 11.3% (224.1 ±38.3 kcal/d) and 3.9% (77.7 ±18.5 
kcal d) respectively for girls. 
The contribution ofcarbohNdrates to energy intakes for all sexes and age groups provided 
on a-v erage. 46.6q o( 1008 ý82.3 3 kcali'd) for boys and 45.2% (894 ± 117.2 kcal, "d) for girls 
\\ith an overall average of 45.9%. These values fall also below the COMA 
recommendations for adults of 50%. Similarlý, the contribution of protein to energy 
intakes for all sexes and age groups pro,. ided on average, 15.3% (33) 1.7 ±31.8 kcaPd) for 
bo)sand 17-50o(347.5-: 54.1 kcal/d) with an overall average of 16.4%. 
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Table 5.4 Mean daily macronutrient intakes (kcal dav) by sex and age (years) for three 
age groups and their percentages enerj., ý contribution among 6 to 13 year old KLI%vaiti 




kcal d 00 
SF 
kcal d 00 
NI VFA 
kcal d 00 
PUFA 
kcal d PO 
TF 
kcal d '0 
Carbohydrate 
kcal d '0 
Male 
6 305.6 16.1 265.5 14.0 216.9 11.4 92.7 4.9 681.3 35.8 921.2 48.4 
7-10 322.4 14.7 288.0 13.1 261.0 11.9 105.3 4.8 8 17.2 37.2 1018.0 46.4 
11-13 367.2 15.2 356.4 14.8 369.0 15.3 149.4 6.2 927.0 38.5 1084.8 45.0 
.4 verage 331.7 15.3 303.3 14.0 282.3 12.9 115.8 5.3 808.5 37.2 1008.0 46.6 
SI) 31.8 07 47.3 0.9 78.3 2.1 29.8 0.8 123.1 1.4 82.3 1.7 
SL if 18.4 0.4 27.3 0.5 45.2 1.2 17.2 0.5 71.1 0.8 47.5 1.0 
Female 
6 292.0 17.2 -716.9 12.8 184.5 10.9 60.3 3.6 636.3 3 37.5 775.2 45.7 
7-10 350.4 17.6 252.0 12.6 226.8 11.4 75.6 3.8 719.1 36.1 897.2 45.0 
11-13 400.0 17.7 293.4 13.0 261.0 11.6 97.2 4.3 858.6 38.1 1009.6 44.8 
A verage 347.5 17.5 2254.1 12.8 224.1 11.3 77.7 3.9 738.0 37.2 894.0 45.2 
SD 54.1 0.3 38.3 0.2 38.3 0.4 18.5 0.4 112.3 1.0 117.2 0.5 
SE. %f 31.2 0.2 22.1 0.1 22.1 0.2 10.7 0.2 64.9 0.6 67.7 0.3 
The protein intake values exceeded that of the RNI. for all males and females in all age 
groups (Table 5.5 and Figure -5.3). Protein intakes for boys varied by 1.8 to 2.7 times more 
than RNI per kg of body Nýeight per day. Similarl%, protein intakes for girls were varied by 
2 to 2. -S t1 mes more than RN I per ko o fbod e W, ht per day. 
Table 5.5 %lean protein intake among 6 to 13 ý ear old Kuwaiti school children compared 
to IX reference nutrient intake (RNI) values 
Age (ý ears) Current studN ýalues Dietar) reference Nalues X-tilnes 
& sex weip-ht (=SD) intake (±SD) intake (mSD) "eight RNI RNI 
kg gd g kg, d kg gdg, kg, d 
Hales 
6 25.9(3.0) 76.4(19.9) 2.95 (0.77) 17.8 19.7 1.11 2.68 
7- 10 35.8 (8.5) 80.6(19.6) 2.25 (0.55) 28.3 28.3 1.00 2.25 
11 - 13 518 (12.8) 91.8(18.0) 1.74(0.34) 43.0 42.1 0.98 1.78 
1--eniales 
6 26.7(3.9) 73.0 (15,0) 2.73 (0.56) 17.8 19.7 1.11 2.46 
7- 10 38.8 (7.7) 87.6(14.0) 2.26(0.36) 28.3 28.3 1.00 2.26 
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Figure 5.3 Comparison ofmcan protein intake (Mean TSD ý, d) among bo)s (a) and girls 
(h) t, -, ed 6.7 to 10 and II to 13 ý ears in Kuý\ ait compared to age-matched reference 
nutrient intake (R\ 1) \ alues (Department ot'l-lealth. 2003). 
5-1-5, Vitamin and mineral intakes 
A summar% of' nican intakes Sl)), For each gender and age group, of a number of 
micronutrients including %itarnin A (carotene). folate, ascorbate. iron, copper, selenium. 
magnesium and calcium \\ere sho\\n bý Appendix 8. \\hile. nlean daily intakes of such 
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vitamins and minerals bý Ku\ýaiti school children for the three age groups (6,7 - 10, and 
1 
-3 ) Near) for males and females as percentage (%) of RN I were shown by Table 
5.6. 
Vitamin A (retinol equl%alent) intakes %ýere high %%ith values of 103% and 113.7% ofthe 
RNI among 6 \ear old males and females respect ive Iv. Similarl\ among 7 to 10 and II to 
13 )ear olds. the percentage of the RNI of ýitamin A consumed %\ere 89% and108.8%. - 
and 99.1% and 109% for males and females. respectivel\. Despite these very high mean 
values 8% of the 7 to 10-ýear old boys were consuming vitamin A equivalents below the 
LRNI value. Similarly, folate intakes were high with values forof 159.1% and 124.4% of 
the RNI among 6 )ear old males and females respectively. Among 7- 10 and II- 13 year 
olds. the percentage of the RNl of folate consumed \\ere 128.8% and 102.3%; and 99.7% 
and 11616 for males and females respectively. Despite these very high mean values 6.5% 
of 7 to 10 year old girls \\ere consuming folate equivalents below the LRNI value. 
Vitamin C (Ascorbic acid) intakes were high with values of 184% and 257% of the RNI 
among 6ý ear old males and females respectively. Similarly, For 7- 10 and II- 13 year 
olds. the percentage of the RNI of vitamin C consumed were 232.3% and 281.7%, - and 
I 32.60, 'o and '329.70o for males and females respectively. 
Likewise, iron intakes N%ere very high with values of 227.9% and 172.1% of the RNI 
among 6 ýear old males and females. respectoel). Similarly for 7 to 10 and II to 13 year 
olds, the percentage of the RNI of iron consumed Nvere 171.3% and 147.1%; and 134.5% 
and 112.8% for males and fernales. respect[vel\. Despite these very high mean values 
3-5% of II to 13 Near old girls ý\ere consuming iron equivalents belo\\ the LRNI value. 
%1a nesium intakes Nýere similarl\ \erv high \\Ith values of 275.6% and 17196 ofthe RNI g 10 
among 6 ýear old males and females respectivelý - Similarly 
for 7 to 10 and II to 13 )ear 
olds. the percentage of the RN I of magnesium consumed were 168.3% and 12 1.6%; and 
14-5.41o and I 170o for males and females respectivelý. For selenium and copper. average 
intakes \%ere found to be four times above the RNI in the 6 years old. and then, as other 
minerals intake decreased \\ith age for bo)s and girls. Average intake of' calcium as 
percentage of RNI for boys \\as reported to be 77.5ý, 'o in age group II- 13 years. \Oich 
\ýas belo\% the RNI bý 22.50o. but above EAR by 3%. Dietary reference values (RNI. 
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EAR, and LRNI) for the selected vitamins and minerals for three age groups, COMA 
(Department of Health, 2003), are shown in Appendix 9. 
Table 5.6 Mean daily intakes of vitamins and minerals by 6 to 13 year old Kuwaiti school 
children expressed as percentages (%) of the Reference Nutrient Intakes (RNI) 
(Department of Health, 2003) 
Vitamins& Minerals 6 
Males 
7-10 11-13 6 
Females 
7-10 11-13 
Vitami A* 103 89* 99.1 113.7 108.8 109 
Folate** 159.1 128.9 99.7 124.4 102.3** 116.6 
Vitamin C 184 232.3 132.6 257 281.7 329.7 
Selenium 420.5 276 247.5 273 208.7 178.7 
Copper 416.7 357.1 237.5 316.7 285.7 287.5 
Iron*** 227.9 171.3 134.5 172.1 147.1 112.8*** 
Magnesium 275.6 168.3 145.4 171 121.6 117 
Calcium 155.1 116.8 77.5 156.6 145.9 125.8 
*8% of 7-10 years boys had vitamin A intakes below the LRNI; **6.5% of 7-10ycars girls had folate intakes below the 
LRNI; and 00*3.5% of 11-13 year girls had iron intakes below the LRNI. 
5.3.6 Physical Activity 
In Table 5.7 below, the overall results of physical activity assessments, in which the BMR 
were estimated by Schofield equations have been presented. Prediction equations were 
used to estimate basal metabolic rate (BMR). Physical activity ratios (PAR) were similarly 
determined using standard sources (UK Department of Health, 1991; 2003). Energy 
intakes (EI) were quantified from analysis of food record diaries and total energy 
expenditure (TEE) determined by physical activity records, the use of PARs and BMR. 
Average values (±SD) of BMR, PAR, El, EI/BMR, TEE, and TEE/BMR (or PAL) were 
calculated, and then comparisons are made of various variables in Table 5.7. 
Calculations for boys showed that the average BMR values increased with age for those 6 
to 13 years old. Among girls, BMR values increased with age but a declined is reported in 
age 10 years. Average values (±SD) of BMR were 1384 (±244) and 1315 (±154) kcal/d 
for males and females aged 6- 13 year old, respectively. Similarly, average values (±SD) 
of TEE, PAP, EI, EI/BMR, and TEE/BMR (or PAL) were calculated. Estimated total 
energy expenditure also showed an increase with age. Average of TEE (±SD) were 1797 
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(±252) and 1603 (±-172) kcal/d for males and females, respectively. The averages of 
physical activity ratio (PAR) for each age group of school children were close to each 
other, PAR :52.0 for boys and approximately 1.9 for girls. Furthermore, the ratio of TEE 
to BMR or physical activity level (PAL) were reportedly less than the El to BMR ratio for 
boys and girls in all age groups. Statistically, significant differences were found for all 
variables (BMR, TEE, PAR, El, El/BMR, and TEE/BMR), between males and females. 
Table 5.7 Means and standard deviation values of basal metabolic rate (BMR), total 
energy expenditure (TEE), daily energy intake (EI), physical activity ratio (PAR), and 
ratios of energy expenditure and by energy intake relative to basal metabolic rate of 6- 13 
year old Kuwaiti school children (n= 194; 99 males and 95 females) 
Sex & 














6 16 1082+68 2.09 ±0.16 1903 ±326 1.76 ±0.27 1503 ±111 1-39 ±0.11 
7 13 1197*110 2.03 ±0.17 2174 ±314 1.82±0.25 1618 ±152 1.36 ±0.11 
8 14 1257±115 2.06 ±0.17 2111 ±400 1.67 ±0.24 1719±130 1.37±0.12 
9 12 1299 ±147 2.05 ±0.20 2133 ±433 1.64 ±0.25 1763 ±142 1.37: LO. 14 
10 12 1421 ±192 2.02 ±0.18 2375 ±230 1.69 ±0.22 1898 ±193 1.34 ±0.12 
I1 10 1463 ±182 1.97 *0.24 2262 ±319 1.56 ±0.28 1899 ±98 1.31 ±0.16 
12 11 15691191 1.92 ±0.19 2438 ±399 1.56 ±0.26 1991±170 1.28 ±0.13 
13 11 1680 ±252 1.97. +0.27 2512 ±388 1.50 ±0.13 2176 ±203 1.31 ±0.18 
Average 1384 ±244 2.02 ±0.20 21171394 1.66 ±0.25 1797 ±252 1.35 ±0.13 
Female 
6 12 1099±89 1.94 ±0.16 1696 ±275 1.54±0.15 1408 ±179 1.28 ±0.10 
7 11 1263 ±94 1.91 ±0.18 1834 ±234 1.45 ±0.14 1587±144 1.26 *0.12 
8 13 1327 ±154 1.96±0.28 1982 ±380 1.48: LO. 16 1695 ±133 1.2910.18 
9 12 1419 ±194 1.88 ±0.18 2016±325 1.42 ±0.11 1750 ±202 1.24 ±0.12 
10 11 1277 ±93 1.81 ±0.16 2140 ±301 1.67±0.18 1520 ±126 1.19 ±-0.10 
11 12 1317 ±94 1.83 ±0.20 2170 ±364 1.64 ±0.19 1585 ±133 1.21 ±0.13 
12 12 1369 ±81 1.78±0.17 2224 ±474 1.62 ±0.29 1603 *87 1.18 ±0.11 
13 12 1441 ±108 1.75 ±0.19 2372: 1426 1.63-+0.19 1661 ±127 1.16 ±0.13 
, 4verage 1315 ±154 1.86 ±0.20 2055 ±400 1.56 ±0.20 1603 ±172 1.23 ±0.13 
In term of correlation, Pearson's moment correlation coefficient (r) was used. A positive 
correlation coefficient (Pearson) shows that as one variable increases, so does the other 
and visa versa for negative Pearson coeflicient (Welton, 1999). For males, age had 
significant negative correlation with PAR (r = -0.236, significant at 0.05) and positive 
correlation with El and TEE (significant at 0.01), r=0.454 and 0.803 respectively. 
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Similarly, in females, age had significant negative correlation with PAR (r = -0.327, 
significant at 0.01) and positive correlation with El and TEE (significant at 0.01 and 0.05, 
respectively), r=0.504 and 0.204, respectively. Physical activity ratio (PAR) was 
negatively correlated with El for both genders, r= -0.437 for males and -0.580 for females 
(significant at 0.01). 
53.7 Comparisons of Energy Intake (EI) and Total Energy Expenditure (TEE) 
Statistical analysis employing Student's t-test showed a strong tendency towards 
significance between energy intake (El) and total energy expenditure (TEE), among all 
age groups (6 - 13 year) males and females, Table 5.8. These differences between El and 
TEE for each age group and sex were more clarified by using mean values ± SEM, Figure 
5.4, (a) and (b). 
Table 5.8 Comparison and p-values of mean total daily energy intake (Mean ±SEM 
kcal/day) with age-matched mean total daily energy expenditure (Mean ±SEM kcal/day) 
among males and females aged 6 to 13 years in Kuwait 
Sex & 
A ge (yrs) 
EI (* SEM) TEE (± SEM) p-value 
Male 
6 1903 (± 81.5) 1503 (* 27.6) 1.8 x io, 
7 2174 (± 87.0) 1618 (± 42.1) 2.2 x 10-5 
8 2111(± 107.9) 1719 (±34.7) 0.003 
9 2133 125.0) 1763 4 1.1) 0.014 
10 2375 66.4) 1898 55.8) 1.6 x 10--5 
11 2262 101.1) 1899 30.8) 0.006 
12 2438 120.6) 1991 51.2) 0.004 
13 2512 116.9) 2176 61.1) 0.02 
Female 
6 1696 79.4) 1408 51.7) 0.007 
7 1834 70.7) 1587 43.4) 0.008 
8 1982 105.5) 1695 37.0) 0.021 
9 2016 93.7) 1750 58.4) 0.027 
10 2140 90.8) 1520 38.1) 2.7 x 10-5 
11 2170 104.9) 1585 38.4) 1.3 x 10-3 
12 2224 136.8) 1603 25.0) 8.2 x 10-3 































Figure 5.4 Mean energy intake (Mean ±SEM kcal/day) among males (a) and females (b) 
aged 6 to 13 years in Kuwait compared to age-matched mean total energy expenditure 
(Mean ±SEM kcal/day). 
5.4 Discussion 
The results of this chapter indicate a significant excess of energy intake (EI) over 
expenditure (TEE) in all age groups (Table 5.8 and Figure 5.4). These findings support the 
earlier findings which suggested a largely sedentary population with poor food choices. 
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The findings in chapter 4 suggested that over 70 percent of the typical school child's 
leisure time is spent watching TV or playing video games. From this study it is also 
evident that some of the most important reasons for increased intake of energy are 
frequent consumption of fast foods, high consumption of fat and protein. Such high intake 
of energy is not being offset by concomitant expcnditure. Based on the criterion of Saris et 
aL (2003) who reported that a PAL of 1.4 would represent a sedentary individual, the 
subjects of this study can be considered only as sedentary (the average of PAL ±SD was 
1.29 ±0.13). Several authors (Ferro-Luzzi and Martino, 1996; Steinbeck, 2001; Weinsier 
et aL, 2002; Westcrterp & Kestcr, 2003) have observed that insufficient level of physical 
activity when combined with increased energy intake is a risk factor for persons being 
overweight or obese. 
While the results have shown 6- 13 year old Kuwaiti school children consume more 
energy per day than the estimated average requirements (EARs), leisure and occupational 
energy expenditure has declined considerably. Comparison as between TEI and TEE 
shows significant differences across all age groups in the sample population (Table 5.8). 
This a clear gap between TO and TEE with a positive energy balance i. e. daily total 
energy intakes exceeded the daily total energy expenditure (Figure 5.4) is predicted to 
translate into changes in body fatness and increases in body weight and adiposity. The 
latter forms the main part of the findings reported in the next chapter. It is however 
becoming clearer that this population is in economic transition and with rising income 
levels and increasing wealth, children are assuming a more sedentary lifestyle 
accompanied by increased energy intake and poor food choices. These together form part 
of the dietary and environmental risk factors for obesity and the metabolic syndrome. 
Components of El 
Taking a holistic view of energy intake components, the results of this study indicate the 
food habits of the subjects are skewed towards creating obesity and overweight. The 
results showed that on an average, carbohydrate contributed 46% of total daily energy 
intakes of the subjects. This was lower than the results obtained from the MANES III 
study (53%) and below the COMA recommendations of 50%. Several researchers have 
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suggested that diet composition, including high fat and low carbohydrate intakes, may 
play a role in overweight (Obarzanek ei aL, 1994; Nguyen el aL, 1996; Maffeis el aL, 
1996). Birch and Fisher (1998) reported that among adults and children, diets high in fat 
and low in complex carbohydrates are associated with greater adiposity. Protein intake of 
the subjects was also very high and reached 1.8 - 2.7 times the maximum daily 
requirement for similar age groups (Department of Health, 2003), see Table 5.5. In 
Western Europe and the United States, consumption of 1.5 to 2 times of the recommended 
protein intakes is currently considered to be harmless (Metges and Barth, 2000). Several 
researchers (Alfieri el aL, 1997 and Voss et al., 1998) have reported a positive correlation 
between protein intake and BMI suggesting increased intake of protein may lead to 
obesity. Rolland-Cachera et aL (1995) reported that high protein intake increases body 
fatness at 8 years of age, via an early adiposity rebound. According to them high protein 
diet early in life could increase the risk of obesity and other pathologies later in life. Thus, 
it is reasonable to assume the subjects of this study are at risk of adiposity and overweight. 
Alicronutrient intakes 
Estimates of vitamin and mineral intakes show that these were adequate and can be 
considered as evidence that the subjects under investigation are well nourished. Subjects 
of the study consumed vitamins and minerals well in excess of RNI values. Although, the 
amounts of their intake varied among age and sex, vitamin and mineral intakes remained 
higher than RNI in spite of the fact that vegetables and green salad were at the end of list 
of the subjects' option (see Table 5.1). Kuwaiti school children compensate this by 
consuming large quantities of other types of food which contain such vitamins and 
minerals. However, some subjects reported intakes below LRNI, such as vitamin A (8%), 
folate (6.5%), and iron (3.5%). Unless Kuwaiti school children consume fresh vegetables 
and green salad some of them will suffer from inadequate micronutrients. On the other 
hand, selenium and copper consumption were approximately four times of RNI values. 
These finding suggest that food habits of Kuwaiti school children need to be improved. 
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5.5 Conclusion 
The study population is largely sedentary with low physical activity levels combined with 
increased positive energy balance. Thus, the findings in this chapter are indicative of two 
major environmental risk factors for overweight and obesity among Kuwaiti school 
children. 
1. A sample population with high energy intake, especially high saturated fat (SF) 
and protein intake. 
2. A largely sedentary lifestyle i. e. physical activity level on average equals 1.29 
±0.13 (PAL = 1.35 ±0.13 and 1.23 1-0.13 for males and females, respectively). 
These findings and their wider implications will be examined in the chapter on overall 
discussion. 
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CHAPTER 6: Results of Anthropometric Measurements 
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6.1 Introduction 
This chapter describes anthropornetric measurements including weight (W), height (11), 
body mass index (BMI), waist to hip ratio (WIIR), and skinfold thickness (SFT) for 
school children who completed a 7-days food and activity records in previous chapter. A 
sub-sample of 194 subjects (99 boys and 95 girls) were involved and the results provide 
information about current prevalence of overweight and obesity. The data has also been 
compared with previous findings (over the last 20 years) to ascertain any changing trends 
in an otherwise genetically homogenous population. 
The rationale for employing multiple anthropometric measurements was to ascertain their 
individual effects on body fat and its link to risk factors and co-morbidities associated 
with overweight and obesity. In epidemiological studies, skinfold thickness (SFT) and 
waist circumference to hip circumference ratio (WIIR) measurements have been used to 
assess body fat distribution. Both are excellent anthropornetric measurements, they are 
uncomplicated and low costs tests (Wood et al., 2003). The detailed methods and 
procedures were earlier described in chapter 3 of this thesis. 
The main objective of this chapter is to present scientific data on anthropometric 
predictors of overweight, obesity and health risks among the same sample of the 
population, ascertain point prevalence of obesity and examine possible underlying 
predisposing factors including the impact of positive energy balance. An attempt has also 
been made to examine shifts in anthropometric characteristics of the school-age group in 
Kuwait over a 20 year period during which the country has undergone an epidemiological 
and nutritional transition. Data obtained have been compared with the NCIIS normative 
references matched for gender and age, as well as the International BMI reference of Colc 
el al (2000) and local / regional data based on the work of Magbool (1994). 
6.2 Results 
6.2.1 Anthropometric variables 
The mean values (M), standard deviations (SD), and standard error mean (SEM) of five 
anthropornetric variables (weight, height, body mass index, waist to hip ratio, and skinfold 
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thickness) are presented in Table 6.1. These are surnmarised according to age and gender. 
While mean WHR (± SEM) for the different age groups were close to each other, the data 
show increasing mean values for all anthropornetric indicators with age except for the 
ESFT which slightly decreased at ages 7 and 8 years for boys. The range for weights 
(mean ±SEM) for ages 6 to 13 were 25.9 (± 0.75) to 58.8 (± 4.35) kg and 26.7 (± 1.14) to 
57.0 (± 1.98) kg for males and females, respectively. Similarly, the height ranges from age 
6 to 13 years (mean ± SEM) were 123.6 (d: 0.83) to 158.6 (± 1.80) cm and 121.6 (± 1.29) 
to 155.5 (± 1.72) cm for males and females, respectively. BMI (mean ± SEM) varied from 
16.9 (± 0.73) at age 6 years to 23.1 (± 1.20) kg/m 2 at age 13 years and from 17.9 (± 0.54) 
to 23.5 (± 0.7 1) k g/M2 for males and females, respectively. 
Statistical analysis employing Student's independent t-test for unpaired variables 
(confirmed by One-Way ANOVA procedure) showed that the differences between males 
and females aged 6- 13 year old, were not statistically significant in weight (p=0.18) and 
in height (p=0.92) but highly significant differences were observed among school children 
in BMI (p=0.004) and in SIFT (p=0.003). The differences in school children aged 6- 13 
year old between males and females were also significant in WIIR (p=0.02). 
BMI and SIFT cut-off values that were compared to the current study values were shown 
in Appendix 10. However, to date there is no Waist to Hip Ratio (WHR) cut-off for young 
people. The SFT values of surveyed subjects were compared to one reference values, 
however, the BMI values were compared to three reference values. The international BMI 
cut-offs that were introduced by Cole et al. (2000) has shown the highest values followed 
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6.2.2 Comparison of findings of weight and height values to reference normative data 
Pooled, average weight and height values for the different ages (6 to 13 years) were 
plotted against the reference percentile curves of NHANES data, the results of which are 
summarised in Figures 6.1 and 6.2, respectively. For both genders between the ages 6 and 
8 years, weight values are at or above the 95th percentile curve, but a decline is observed 
from age 9 and begins to follow similar pattern to the 90th percentile curve for boys, and 
turn down to be just above 75th percentile curve for girls of USA children of similar ages 
(Figures 6.1). Height values, on the other hand, show males at the age of 6 years reported 
similar height values of 95th percentile curve of MANES and 90th percentile curve in 
ages 6 and 7 years for females. The curve then tended to slow up to the age of 13 year to 
pursue a model between 50th and 75th reference percentile curves of MANES for boys, 
and follow a pattern beside the 50th percentile curve for females (Figure 6.2). 
Averaging median curves would be a simple way to summarisc the age trend in body mass 
index (BMI) through childhood but the resulting position of the curve at each age would 
depend on the prevalence of overweight, and would be comparatively arbitrary. In any 
case, the median is not an extreme ccntile and is ineffective as a cut off point. Instead, 
Cole et al. (2000) have developed centile curves linked to adult cut off points of 25 kg/m 2 
(50th centile) and 30 k g/M2 (90th centile) have been devised and positioned at age 18 
years to maximise the available data sets. Previously, Magbool (1994) had reported BMI 
centiles for 6 to 16 year old Saudi school children based on data from 21,638 children in 
the Eastern Province, which borders Kuwait. Weights and heights of the study population 
were measured and their BMI calculated. Pooled, average BMI values for the different 
ages were plotted against the reference curves of Cole et al. (2000) and Magbool's ccntile 
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Figure 6.1 Shows the comparison between pooled mean weight values of 6- 13 year old 
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Figure 6.2 Shows the comparison between pooled mean height values of 6- 13 year old 
Kuwaiti school children and percentile curves of USA 2000 CDC growth charts data. 
The results show that compared to the Cole el al. (2000) reference curves, both boys and 
girls aged 6 to 13 years (both primary and intermediate school ages) in this study 
population were between 25 kg/m 2 (50th centile) and 30 k g/M2 (90th centile) curves, with 
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area of little variation, throughout except in the case of boys at age 6 years when the BMI 
curve is to some extent under the 25 kg/m 2 (50th centile) curve of similar ages (Figure 
6.3). Compared to the Saudi reference (Magbool) curves however, both genders between 
the ages of 6 and 10 years (i. e. primary school children) have BMI values above to the 
90th centile curve, with plateaus in the BMI from ages II to 13 years (i. e. intermediate 
school children). While boys from ages II to 13 years follow a pattern along the 90th 
centile curve of Saudi children of similar ages, BMI values for girls arc slightly below to 
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Figure 6.3 Shows the comparison between pooled mean Body Mass Index (BMI) values 
of 6-13 year old Kuwaiti school children and international reference curves from Cole el 
al. (2000). 
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Figure 6.4 Shows the comparison between pooled mean BMI values (kg/m2) of 6- 13 
year old Kuwaiti school children and Regional values from Eastern Province of Saudi 
Arabia of Magbool (1994) data. 
According to CDC Growth charts, children had a BMI-for age ý: 85th percentile and < 
95th percentile are categorised as "at risk of overweight" (overweight person). A BMI-for 
age ?: 95th percentile is categorised as "overweight" (obese person). Pooled average BMI 
values were also plotted against the American reference percentile curves of NIIANES 
data, the results of which are illustrated in Figure 6.5 shows that boys aged 6 to 10 years 
follow a zigzag curve pattern around the 90th percentile values and comparable for II to 
13 years old. Girls, on the other hand, aged 6 years old have BMI values more than the 
90th percentile curve with a raise from 7 to 9 years above the 95th percentile curve, and a 
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Figure 6.5 Shows the comparison between pooled mean BMI values (kg/m2) of 6- 13 
year old Kuwaiti school children and reference percentile curves of NIIANES data. 
Table 6.2 presents the percentages of weight, height and BMI values relative to the NO IS 
reference values (50th percentile, see the NCIIS - 2000 CDC Growth Charts Website) for 
each age and sex stratum. The derived values for both populations showed that the relative 
weight for age (R-WFA) reported were the greater variable than the other, while relative 
height for age (R-HFA) is the smallest one. R-WFA varied from 124% to 137% and from 
122% to 148%, for males and females, respectively. The percentage height of Kuwaiti 
school children showed a maximum value at the age of 6 years (106%) for both boys and 
girls, while minimum in II years old boys (101%) and 13 year old girls (99%). Relative 
BMI for age (R-BMIFA) results showed that the smallest values were about I 10% and 
118% boys and girls, 6 years of age respectively. However, highest R-BMIFA was 
noticed age 10 years (13 0%) for boys and 9 years (134%) for girls. 
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Table 6.2 Shows relative weight for age (R-WFA), relative height for age (R-flFA) and 
relative BMI for age (R-BMIFA) 
Age (yrs) 
& Sex Weight (kg) R-WFA ('Yo) Height (cm) R-IIFA (0/o) BMI (kg/m2) R-BMIFA 
Males 
6 25.88 124.58 123.59 106.55 16.91 109.92 
7 30.92 133.46 127.96 104.89 18.80 121.19 
8 33.57 130.37 132.64 103.63 19.03 120.59 
9 35.42 123.49 135.71 101.27 19.14 118.39 
10 44.00 137.11 141.54 101.83 21.76 130.70 
11 46.40 128.64 145.40 100.97 21.84 127.00 
12 52.45 128.98 152.86 102.59 22.28 125.12 
13 58.82 128.40 158.59 101.66 23.11 125.15 
Average 40.93 129.38 139.79 102.92 20.36 122.26 
Females 
6 26.67 131.10 121.63 105.76 17.95 117.97 
7 33.95 148.47 128.91 105.66 20.39 131.96 
8 36.81 142.89 132.00 103.13 20.98 132.54 
9 40.88 140.27 136.08 102.32 21.89 134.22 
10 43.55 131.72 140.09 101.52 22.07 130.88 
11 46.79 125.14 143.88 99.91 22.46 128.55 
12 51.08 122.12 150.54 99.70 22.49 124.24 
13 57.00 123.97 155.54 99.07 23.45 125.14 
Average 42.09 133.21 138.58 102.13 21.46 128.19 
R-WFA (current weight (kg) / NCHS reference values (50'h percentile)) x 100 
R-IIFA (current height (cm) / NCHS reference values (5 Oth percentile)) x 100 
R-BMIFA = (current BMI / NCIIS reference values (50'h percentile)) x 100 
6.2.3 BMI Cut-off points and Z-scorcs 
The z-score provides a meaningful way of comparing scores from different distributions 
that have different means and standard deviations. It helps to standardise growth data for 
purposes of objective comparison. The BMI z-scores calculated in this study show a 
consistent upward trend relative to NCHS (2000) reference data and regional (local) data 
based on Magbool (1994), see Table 6.3. In both cases, the z-scores lie between 1.0 and 
2.0 for boys and 1.5 and 3.0 for girls aged 6 to 13 years although the figures relative to the 
Magbool reference are higher than NCHS comparisons (Figure 6.6). In particular, BMI z- 
scores for females at ages 7 and II years were in the region of 3.0, indicating that these 
two ages were associated with a high BMI in this population. Interestingly, the z-scorcs 
showed a gentle downward slope from age 8 till 10 years; then began to rise again till age 
II years and fell again afterwards. 
In this study, an attempt was made to see if the z-scores matched the observed high BMI 
percentiles (between 85th and 95th percentiles across the age groups with reference to the 
normative values of NCHS (2000), and Magbool (1994)). It appears in this case that the 
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traditional : L2.0 cut-off points for z-score used in assessing growth in children if applied 
here, would under-estimate the prevalence of overweight and obesity and therefore under- 
estimate any possible risk of associated co-morbidities in this population. 
Table 6.3 Shows the mean and 95% confidence intervals (Cl) of BMI-for-age Z-scores of 
Kuwaiti school children aged 6- 13 year (n =194; 99 boys and 95 girls) by age and sex 
A2e & Sex BMI-Current Studv 
Mean SEM) 
Z-score: Mean (95% CT) 
(NCHS, 2000, USA) (Magbool, 1994) 
Male 
6 16.91 0.37) 1.017 (0.484,1.550) 1.531 (0.998,2.064) 
7 18.80 0.60) 1.524 (0.920,2.128) 1.938 (1.334,2.542) 
8 19.03 0.60) 1.456 (0.878,2.034) 1.892 (1.314,2.470) 
9 19.14 0.80) 1.085 (0.449,1.721) 1.458 (0.822,1.458) 
10 21.76 1.19) 1.250 (0.614,1.886) 1.494 (0.858,2.130) 
11 21.84 1.34) 1.103 (0.388,1.818) 1.329 (0.614,2.044) 
12 22.28 1.01) 1.346 (0.674,2.018) 1.681 (1.009,2.353) 
13 23.11 1.20) 1.171 (0.499,1.843) 1.503 (0.831,2.175) 
Female 
6 17.95 0.54) 1.460 (0.826,2.094) 1.779 (1.145,2.413) 
7 20.39 0.60) 2.511 (1.838,3.184) 2.953 (2.280,3.626) 
8 20.98 0.78) 1.833 (1.228,2.438) 2.163 (1.558,2.768) 
9 21.89 1.04) 1.562 (0.926,2.198) 1.819 (1.183,2.455) 
10 22.07 0.89) 1.766 (1.094,2.437) 1.920 (1.249,2.591) 
11 22.46 0.60) 2.399 (1.764,3.034) 2.692 (2.057,3.327) 
12 22.49 0.65) 1.935 (1.307,2.563) 1.878 (1.250,2.506) 
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Figure 6.6 BMI z-scores of male and female Kuwaiti school children agcd 6- 13 years 
(total 194 subjects) relative to NCHS (2000) reference data and regional (local) data based 
on Magbool (1994). 
6.2.4 Trends in Weight, Height, and BMI of Kuwaiti school children over titne 
Eid el al. (1986) had reported the weight (W) and height (H) for 6 to 17 year old Kuwaiti 
school children during the academic year 1983/1984, which was two decades ago. The 
present Kuwaiti school children are heavier and taller than those reported in Eid el al. 
(1986) study (Figure 6.7). As shown in the figure below, both weight and height values 
have shifted over the last two decades among Kuwaiti school children 6 to 13 year olds. 
There is a consistent upward trend in weight and height in boys and girls in this 
genetically homogenous population, and hence body mass index. These very important 
trends will be discussed further in the discussion section. 
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Figure 6.7 Comparison of Mean weight, height, and BMI of Kuwaiti school children in 
current study (-) with a similar age and sex-matched cohort (Eid el al., 1986) twenty 
years earlier ( ......... ). 
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6.2.5 Girth measurements and body fat distribution from skinfold thickness 
The highest WHR values for boys and girls were reported in ages 12 years (0.94) and 10 
years (0.95), respectively, see Table 6.1. Previously, Moussa et al. (1999) had determined 
WHR mean values (± SD) for 6 to 13 year old Kuwaiti school children based on data from 
460 obese and 460 non-obese children in Kuwait. The Pooled, average WIJR values ± SD 
for the different ages and genders were plotted against the values of Moussa el al., (1999) 
and the results are summarised in Figure 6.8 below. The results show an upward shift in 
WHR in the current study although the differences recorded are not statistically 
significant. 
The sum of triceps and subscapular skinfold thickness (TSF + SSSF) for each age group 
of Kuwaiti school children were compared with the reference percentiles of Frisancho 
(Frisancho, 1990). Figure 6.9 shows that both boys and girls curves are in the region of 
following the way above 75th and below 85th percentile values of Frisancho, i. e. school 
children skinfold thickness ?: 75th percentile and < 85th percentile, except for values for 
boys of ages 12 and 13 who recorded values ?: 85th percentile. Between ages 7 and 9 
years, boys in the current study seem to slow down (dip) and then follow the curve pattern 
of 75th percentile. The rise of SFT values in boys starts from age 10 to 12 years where 
they begin to exceed the 85th percentile at age 13 years. In contrast, girls' SFT is almost 
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Figure 6.8 Waist-to-hip ratio (WHR) mearl ValUes J standard deviation en-or (SP) flor 
current subjects (99 boys and 95 girls) of' ages 6 13 ycars, compared with Kimain 
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Figure 6.9 Shows the comparison between pooled mean ol' suin skinkfld thickne. s. s in 
millimetres (triceps and subscapular skintlolds) VIIILICS ol'6 to 13 ý'CM- Old SChOOl ('1111drCII 
(99 males and 95 females) in Kuwait and percentiles ofl-risancho ( 1990) study. (75111 and 
85th percentile). 
The sum oftriceps and subscapular skiril'olds were measured in(] used to c. stiniate percent 
body fat as previously outlined by Lohnian, ( 1987) 11or persons 0 to 17 years old I)jIscd mi 
the surn of triceps and subscapular skint'old measurement. ( Ising the Lohman ( 1987) 
equations, percent body fat of subjects were cstin), Itcd based on the nican ()F skinfOld 
thickness (SH), jable 6.4). Mean percent body flit increased With ilgC III IIIIS Stud\ I'Or 
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both sexes, except for boys of ages 7 and 8 years, which decreased and reported the lowest 
values (15% and 14.7%, respectively). Using Lohman's classification, 10 to 13 years olds 
would be classified as of moderately high to high percent body fat. Overall however, the 
ranges obtained for body fat across the ages could be described as moderately high i. e. 
with females with an average value of 24.8 % and males with 20.6 % body fat. However, 
these values can be deceptive when taken on their own. 
Table 6.4 Percent body fat estimated from the means of sum skinfold thickness 
measurements (mm) by age for males and females, using Lohman standards 
Sex & Age (years) SIFT (mm) % Body fat Classification 
Male 
6 17.1 15.4 optimal 
7 16.7 15.0 optimal 
8 16.3 14.7 optimal 
9 19.3 17.4 optimal 
10 24.4 22.4 moderately high 
11 28.5 24.7 moderately high 
12 33.0 27.3 high 
13 33.3 27.6 high 
Average 23.6 20.6 moderately high 
SD 7.3 5.8 
SEM 2.6 2.0 
Female 
6 18.7 18.7 optimal 
7 20.3 20.3 optimal 
8 23.6 22.7 optimal 
9 27.6 25.8 moderately high 
10 28.5 26.6 moderately high 
11 29.3 27.3 moderately high 
12 32.3 27.7 moderately high 
13 34.6 29.6 moderately high 
Average 26.9 24.8 moderately high 
SD 5.6 3.8 
SEM 2.0 1.4 
6.2.6 Prevalence of overweight and obesity by BMI and SIFT 
The study population of Kuwaiti school children of this chapter (194 subjects) was 
classified into two age groups, 6-9 years and 10 - 13 years. Fifty five boys and forty 
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eight girls in age group 6-9 years, whereas 10 - 13 year old included 44 males and 47 
females (Table 6.5). 
Table 6.5 Classification of 194 Kuwaiti school children for the present study based on age 
and sex 
Age groups Males Females Total 
6-9 years 55 48 103 
10-13 years 44 47 91 
Total 99 95 194 
Since BMI varies with age; a given value of BMI was evaluated against each age and 
gender specific reference values. The prevalence of overweight and obesity among 
Kuwaiti children aged 6-9 years and 10 - 13 year for the two different genders is given 
in Table 6.6, based on BMI cut-off points of Cole et al. (2000) and CDC (2000) 
references. Over 53% of overall boys (53 of 99 subjects) were considered to be either 
overweight or obese, used Cole et al. (2000) cut-off points, with about one-third of them 
failing into the obesity category. Prevalence of overweight among female subjects was 
found to be 50.5% (48 of 95 subjects), and 21.1% were found to be clinically obese. 
The percentage prevalence of overweight and obesity using the international critcria based 
on Cole et al. (2000) for males and females are shown by Figure 6.10. Of those classified 
as obese, 16.4% are boys and 35.4% are girls reported in the age-group 6-9 years 
compared with 13.6% and 6.4% of girls in the 10 - 13 year age category. 
On the other hand, when using CDC reference population cut-off points, the results 
showed that overall, 29.3% (N=29) of boys were overweight (BMI-for-age ?: 85 'h 
percentile to < 95 th percentile) and 28.3% (N=28) were obese (BMI-for-age ý: 95th 
percentile). In female subjects, both overweight and obese groups were of a similar 
magnitude (36% each) thus suggesting that the prevalence of overweight and obesity was 
much higher in girls than boys. This pattern is not dissimilar to observations elsewhere in 
the Arab Gulf region and in European and American studies. 
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Overall, the total results of this study show that using the CDC cut-offs for the definition 
of overweight and obesity, 57.6% and 72.6% of boys and girls respectively were either 
overweight or obese (Figure 6.11). Over 29% (16) of male subjects and 54% (26) of 
female subjects in the 6-9 year group will be categorized as obese whereas 27% (12) of 
males and 17% (8) of females in the 10 - 13 year group will be classified as obese. 
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Fig. 6.10 Prevalence of overweight and obesity aniong 194 school-agc children (0 1; 
), cars) in Kuwait for two difTerent genders. Overweight and obesity basied on IM cul-olf 




Figure 6.11 Prevalence of overweight and obesity arnong 194 school-agv childivii (o I 
years) In KuNkalt for two different genders. Overweight and obesity based on I tNl I cill ()I I 
points ofCDC (2000) reference population. 
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The prevalence of obesity and overweight by using sum of triceps and subscapular 
skinfold thickness (SFT) is given in Table 6.7. The cut-off points (percentiles) suggested 
by Frisancho (1990) were used to determine prevalence of overweight and obesity among 
Kuwait school children in this study for ages 6 to 13 years in primary and intermediate 
schools. The cut-off point for excess fat (obese) was selected as greater than the 85 th 
percentile. SIFT value of subjects > 75th but :5 85'h percentile was considered above 
average (or overweight), whereas > 15th but :5 75h percentile (average) for normal or 
accepted SFT. 
Table 6.7 Number (N) and percentage (%) of overweight and obese school-age children 
in two different age groups 6-9 years and 10 - 13 year for two different genders in 
Kuwait based on sum of triceps and subscapular skinfold thickness (SFT) cut-off points of 
Frisancho (1990) reference 
6- 9 years IQ- 13 years --- 
Total 
Obesity category N%N%N% 
Boys 
" 75th but :5 85h 16 29.1 14 31.8 30 30.3 
" 85h 12 21.8 18 40.9 30 30.3 
Total 28 50.9 32 72.7 60 60.6 
Girls 
> 75th but :5 85th 11 22.9 12 25.5 23 24.2 
> 85t" 14 29.2 11 23.4 25 26.3 
Total 25 52.1 23 48.9 48 50.5 
The results show that for boys, the highest prevalence of obesity (40.9%) was reported 
among boys in the 10 - 13 year group, whilst the lowest prevalence (21.8%) was in the 6 
-9 years age group. Among girls overall, 24.2% (23) will be classiried as overweight and 
26.3% (25) will be classified as obese giving an overall total of 50.53% (48 of 95 ) point 
prevalence of overweight and obese. Although, the results showed that overweight and 
obesity were considerably similar among girls in both 6-9 and 10 - 13 age groups, the 
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prevalence (%) in term of obesity (> 85th) was slightly higher in the age group 6-9 years 
than those in age group 10 - 13 years. 
The total prevalence (%) of overweight and obesity between 6- 13 year old school 
children in Kuwait showed that boys (60.6%) rather than girls (50.5%) were more likely 
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Figure 6.12 Prevalence of overweight and obesity among 194 school-age children (6 - 13 
years) in Kuwait for two different genders. Overweight and obesity defined by Frisancho 
(1990) cut-offs reference population. 
The overall prevalence and 95% CI of overweight and obesity among Kuwaiti school 
children in the age group 6- 13 years are summarised in Table 6.8 using BMI and SIFT 
indicators. The prevalence of total overweight was 65.5% (95% Cl 58.1,73.9) of Kuwaiti 
school-age children, based on CDC (2000) reference standards as cut-offs. Total 
overweight and obesity was significantly higher in girls 72.6% (95% Cl 65.5,82.3) than 
in boys 57.6% (95% CI 45.6,70.5), with p-value=0.03. When using SFT indicators and 
cut offs (Frisancho, 1990), the total prevalence of overweight and obesity was 57.2% 
(95% CI 49.2,65.8) with boys being more likely to be overweight or obese. Thus, there 
appears to be a discrepancy or lack of agreement between the two methods in defining 
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obesity among boys and girls, see Figure 6.13. This observation merits further 
investigation in order to determine which method is more accurate for measuring obesity 
among school-age children. Amongst female subjects, for example, obesity as defincd by 
BMI accounted for 35.8% of the total, compared with 26.3% for SFT. In male subjects, 
however, the prevalence of obesity was between 28.3 and 30.3% for the two different 
variables, BMI and SFT, respectively. 
Table 6.8 Prevalence and 95% Cl of total overweight (overweight and obese subjects) by 
BMI and SIFT, among Kuwaiti school children in age group 6-13 year 
Total overweight* Total overweight** 
(BMI 2: 85% percentile) (SIFT > 75 percentile) 
Sex n% (95% Cl) % (95% Cl) 
Boys 99 57.6 (45.6,70.5) 60.6 (47.2,77.9) 
Girls 95 72.6 (65.5,82.3) 50.5 (43.1,61.7) 
Total 194 65.5 (58.1,73.9) 57.2 (49.2,65.8) 














Figure 6.13 Comparison between the two different anthropornctric variables (BMI and 
SIFT) by Genders to determine the prevalence (%) total of overweight and obesity (for 194 
Kuwaiti school children aged 6- 13 year). 
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6.2.7 Relationship between various variables 
The mutual correlations of age, PAR, El, BMI, WHR, and skinfold thickness (SFT), were 
investigated for each gender, as shown in Table 6.9. All variables were correlated with 
one another, in other words positive and, negative correlation coefficicnts (Pcarson's) were 
reported amongst all variables each other, a majority of them significant at the 0.01 level. 
For the two different genders, age was negatively correlated with PAR but positively 
correlated with El, BMI, WHR, and SFT. Physical activity ratio (PAR) was negatively 
correlated with El, BMI, WHR, and SFT. Daily energy intake was positively correlated 
with BMI, WHR, and SFT. Body mass index had significant positive correlation with 
WHR and SFT. Finally, WHR had a significant positive correlation with SFT. Among all 
Kuwaiti school children, BMI correlations with PAR and El were shown by Figures 
6.14and 6.15, respectively. 
Table 6.9 Shows results of correlations (Pearson) between various variables, including 
age, PAR, EI, BMI, WHR, and SIFT among Kuwaiti school children aged 6 to 13 year 
(n=194 subjects; 99 males and 95 females) 
Age PAR El BMI WIJR SFT 
Males 
Age 1.000 - 
PAR -. 236* 1.000 
El . 454** -. 437** 
1.000 
BMI . 558** -. 670** . 538** 1.000 WHR . 535** -. 343** . 437** . 593** 1.000 SFT . 680** -. 502** . 555** . 735** . 585** 1.000 Females 
Age 1.000 
PAR -. 327** 1.000 
El . 504** -. 580** 
1.000 
BMI . 500** -. 631** . 791 
* 1.000 
WHR . 476** -. 369** . 603 * . 597** 1.000 SFT . 554** -. 
649** . 851** . 848** . 613 **1.000 *correlation is significant at the 0.05 level (2-tailed t-test) 
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Figure 6.14 A relationship between BMI (kg/m 2) and physical activity ratio (PAR) of 6- 
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Figure 6.15 A relationship between BMI (kg/m 2) and El (kcal/day) of 6- 13 year old 
school children in Kuwait. (r = 0.584). 
BMI is frequently associated with WHR and SFT measurements in children. Tile mean 
WHR in general increased with BMI (k g/M2) , Figure 6.16. However, trends in the mean 
or 
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WHR varied across BMI mean values. Figure 6.17 shows that measures of skinfold 
thickness are correlated with body mass index in children. The results of boys SFT below 























Figure 6.16 Shows body mass index (BMI) of Kuwaiti school children (boys (a) and girls 
(b)) aged 6 to 13 years old vs. waist to hip ratio (WIJR). 
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Figure 6.17 Shows body mass index (BMI) of Kuwaiti school children (boys (a) and girls 
(b)) aged 6 to 13 years old vs. skinfold thickness (SFT). 
6.3 Discussion 
The results indicated that Kuwaiti school children were found to be heavier than American 
children and tend to have comparable height when compared with the NCIIS/CDC 
reference population, with no significant difference between boys and girls. The slightly 
drop of height for girls at age II to 13 years (Figure 6.2) in comparison with NCIIS/CDC 
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20.39 20.98 21.89 22.07 22.46 22.49 23.45 
BMI 
reference population may refer to the different environment between Kuwait and USA. In 
addition, these changes in height are more remarkable during puberty (Bcrcnson el al., 
198 1; Kouda et al., 2003). 
The results indicated an excess of overweight and obesity among the sample of Kuwaiti 
school children. Anthropometric indicators showed most children in the current study at 
risk of overweight and obesity, follow current international cut-offs for BMI and SFT. A 
comparison with Eid et al. (1986) study, proves present-day Kuwaiti school children are 
considerably heavier and taller than those in the mid Eighties. There has been a distinct 
and significant upward trend in weight, height, and BMI among study population 
compared to the year of 1984 (Figure 6.7). Furthermore, Plotting the BMI values for 
present study population against the study of Magbool (1994), which had reported new 
percentile charts for BMI for age range 6 to 16 year olds in the Eastern province or Saudi 
Arabia that borders Kuwait, for the first time in the region, most subjects were above the 
90th centile although genetically similar. Although, Magbool (1994) study suggested that 
the underlying risk factor for obesity in the Eastern province school population is probably 
genetic, the two comparisons above elucidate that the hereditary predisposition alone 
cannot explain such a consistent upward trend for the genetically homogenous population, 
This agreed with other studies that found the genetic factors alone arc not the main reason 
of change (Lobstein et al., 2004). There is also evidence to support that the mutual 
correlations between variables indicated that the obesity among the study population was 
due to environmental factors because the three anthropometric measures (BMI, WIIR, and 
SFT) were positively associated with daily energy intake and negatively associated with 
physical activity ratio (PAR). 
6.4 Conclusion 
As the findings of the previous chapter suggested that the sample of Kuwaiti school 
children is largely sedentary combined with increased positive energy balance, we 
conclude that, in combination with chapters 4 and 5, tile environmental risk factors 
including lifestyle changes, physical activity and poor food choices related to rising 
household income are contributory in increasing the risk of obesity. High percentages of 
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overweight and obesity among children indicated there is evidence that this population, 
which is in nutritional transition, are at increased risk of non-communicable diseases 
(NCDs) unless appropriate interventions are implemented at household and school level to 
reverse the trend. We suggest that preventive measures should begin in early childhood, 
especially since obesity in children has a strong likelihood of persisting to adulthood. 
These findings will be discussed further in overall disscusion (chapter 8). 
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CHAPTER 7: Biochemical Measurements 
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7.1 Introduction 
Childhood obesity carries a greatly increased risk of adult obesity, which is likely to be 
accentuated as adult obesity prevalence increases (Whincup and Deanfield, 2005). There 
is ý strong evidence that adult obesity is a risk factor for atherosclerotic disease, 
cardiovascular events, and developing type 11 diabetes. The risk factors for cardiovascular 
disease also include a number of biochemical variables, not least the lipid profile of which 
total triglycerides, total cholesterol and low-density liprotein (LDL) cholesterol 
concentrations. On the other hand, a high level of high-density lipoprotein (IlDL) 
cholesterol has been associated with a protective effect on vascular cndothelium. 
Recently, metabolic syndrome (syndrome X) a new concept linking diet, overweight and 
obesity to endothelial dysfunction, diabetes, cardiovascular diseases and their risk 
indicators has been developed. It is characterised by abdominal -obesity, atherosclerosis, 
insulin resistance and hyperinsulinemia, hyperlipidemias, essential hypertension, type 11 
diabetes mellitus, and coronary heart disease (CHD) (Ford & Gilcs, 2003; Das, 2005). 
Identification of causes and/or etiologic factors' for the development of metabolic 
syndrome X is important so that suitable measures can be instituted to prevent and cure 
the syndrome (Das, 2005; Hwallaa el al., 2005). Among adolescents (12-19 years old), 
Cook et al. (2003) defined metabolic syndrome as the presence of three or more of the 
following risk factors: triglycerides (TG) > 110 mg/dL, fasting glucose > 110 mg/dL, 
high-density lipoprotein cholesterol (fiDL-c) :5 40 mg/dL, waist circumference (WC) > 
90th percentile, and/or blood pressure (BP) > 90th percentile. 
Micronutrient deficiencies can also increase health risk overall and in some cases, 
cardiovascular risk. Nutritional anaernia, for instance may result when inadequate dietary 
intake of iron is consumed and this is characterised by a decreased amount of 
haemoglobin. Anti-oxidant vitamins and minerals e. g. copper, selenium and zinc are 
known to confer some protection to the heart and blood vessels and adequate intakes are 
beneficial. 
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The previous chapter showed evidence of high prevalence rates of overweight and obesity 
thus increasing health risk in this sample population. To support the findings of previous 
chapters, attempts were made in this chapter to identify the extent to which the metabolic 
syndrome was prevalent among Kuwaiti school children. 
The focus of this part of the study is to: 
9 Assess nutritional and health status of Kuwaiti school children (age: 6- 13 years) 
in term of their biochemical profiles and measurements, 
e Assess the prevalence of metabolic syndrome including fasting blood glucose and 
lipid profiles. 
7.2 Methodology 
Two hundred and twenty four (224) Kuwaiti school children were drawn by multistage 
stratified random sampling method, for more details on sampling method see chapter I 
Only 114 subjects (represents 50.9%) including 54 boys and 60 girls (mean ±SD for age 
was 10.3 ±2.4 years) responded to the all blood, investigations required and compIcted 
informed consent (including from parents, and/or guardians). The detailed proccdurcs of 
blood sampling and analytical methods employed have previously been dcscribcd in 
chapter 3 of this thesis. 
Blood samples were collected and analysed for various biochemical indices including 
haernoglobin (Hb), fasting glucose (Glu), total triglyccrides (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-c) and selected minerals i. e. calcium (Ca), 
magnesium (Mg), and iron (Fe). 
The metabolic syndrome in this study was defined as the presence of three risk factors 
(Glu ý: 110 mg/dL, TG ý: 110 mg/dL, and HDL-c < 40 mg/dL) using guidelines developed 
by Cook et al. (2003) for adolescents (12 - 19 year). Standard descriptive statistics (mean, 
standard deviation, standard error for mean, and 95% confidence interval) were assessed 
for biochemical indices. 
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Statistical comparisons between boys, and girls were carried out employing un-paired- 
samples West with p-values <0.05 used as cut-off for statistical significance and 
confirmed by One Way Anova test when appropriate. 
I, 
7.3 Results 
7.3.1 Biochemical indices of nutritional status and risk 
The results presented here are based on Kuwait reference ranges, and are presented as 
mean (±SD and/or ±SEM), and confidence interval (Cl 95%) values for all age groups for 
al I the parameters estimated in the blood and serum of the study population (Table 7.1). 
Descriptive statistics showed some values on the upper levels or on the borderline. The 
results showed that the haernoglobin (Hb) content (mean +-SD) of males and females 
Kuwaiti school children in blood was 11.99 ±1.20 g/dL with a 95% conridencc interval 
(CI) 11.76,12.21 g/dL. The serum glucose concentration was 102.62 (±18.83) mg/dL 
(95% CI 99.12 to 106.11 mg/dL). The mean : LSD triglyceride content of the serum of 
subjects was 99.95 ±67.69 mg/dL (95% CI 87.39-112.51 mg/dL). The mean ±SD total 
cholesterol level was 173.26 d: 37.45 mg/dL (95% CI 166.31 to 180.21 mg/dL). The mean 
±SD high density lipoprotein cholesterol concentration of subjects was 40.69 +13.72 
mg/dL (95% Cl 38.14 to 43.23 mg/dL). The mean ±SD iron content of the serum of the 
study population was 13.11 ±4.67 ptmol/L (95% Cl 12.24 to 13.97 Amol/L). Magnesium 
level was 0.84 ±0.06 mmol/L (95% Cl 0.83 to 0.85 mmol/L) whereas calcium level was 
2.35 ±0.15 mmol/L (95% Cl 2.33 to 2.38 mmol/L). 
When categorised by the Kuwaiti reference guidelines, prevalence of undesirable 
concentrations for TG and TC ranged from 21-23%, whereas 72-74% of participants' TG 
and TC levels were within the reference range. Similarly, prevalence of undesirable 
concentrations for HDL-c was 38.6% of participants. On the other hand, fasting glucose 
levels above 109 mg/dL were found approximately 30%, and only 68% of fib levels were 
within the reference range (11.5-15 g/dL) and almost 86-90% of participants had minerals 
levels within the Kuwaiti reference values. 
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Table 7.1 Overall mean values and - other descriptive statistics (standard deviation, 
standard error mean, 95% confidence interval) of biochemical indices (n = 114; 54 male 
and 60 female) for the study group aged 6-13 year*, 
Variable Biochemical Participants Mean SID SEM Cl (95%) 11-value 
(unit)** index in each 
classification classiflcation 
(in Kuwait) N% 
Hb < 11.50 36 31.6 11.99 1.20 0.11 11.76,12.21 0.28 
(g/dL) 11.50-15 78 68.4 
> 15 00 
Glu < 70 0 0 102.62 18.83 1.76 99.12,106.11 0.14 
(mg/dL) 70-109 80 70.2- 
> 109 34 29.8 
TG <32 6 5.3 99.95 67.69 6.34 87,39,112.51 0.04 
(mg/dL) 32-131 82 71.9 
> 131 26 22.8, 
TC < 120 4.4 173.26 37.45 3.51 166.31,180.21 0.96 
(mg/dL) 120-200 84 73.7 
> 200 25 21.9 
IIDL-c <35 44 38.6 40.69 13.72 1.28 38.14,43.23 0.005 
(mg/dL) 35-85 68 59.7 
> 85 2 1.7 
Fe <9 9 7.9 13.11 4.67 0.44 12.24,13.97 0.10 
(timol/L) 9-21.50 98 86.0 
> 21.50 7 6.1 
Mg < 0.70 3 2.6 0.84. 0.06 0.01 0.83,0.85 0.22 
(mmol/L) 0.70-0.88 102 89.5 
> 0.88 9 7.9 
Ca < 2.20 , 12 10.5 2.35 0.15 0.01 2.33,2.38 0.56 
(mmol/L) 2.20-2.70 102 89.5 
> 2.70 00 
* Mean ±SD for age was 10.3 12.4 years and the response rate was 50.9% (114) of 224 subjects. 
"Conversion units of reference values: Glu - 70-109 mg/dL (x 0.0555) - 3.9-6.0 mmolIL; TG - 32-131 
mg/dL (x 0.0 113) 0.36-1.5 mmoUL; TC 120-200 mg/dL (x 0.0259) - 3.1-5.2 mmoVL; I IDL-c - 35-85 
mg/dL (x 0.0259) 0.90-2.2 mmol/L; Fe 50-120 pg/dL (x 0.179) - 9.0-21.5 mmoVL; Mg - 1.7-2.15 
mEq/L (x 0.4114) = 0.70-0.88 mmol/L; and Ca = 8.8-10.8 mg/dL (x 0.25) - 2.2-2.7 mmol/L 
Statistically, no significant differences were found for Hb, Glu, TC, Fe, Mg, and Ca 
between males and females. However differences in HDL-c values between males and 
females were found to be highly significant (p = 0.005) with higher values in females. 
Similarly, differences in serum triacylglycerol (TG) levels between males and females 
was statistically significant (p = 0.04) (Table 7.1). 
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7.3.2 Biochemical evidence of exposure to health, risk according to tile Kuwaiti 
reference range 
The distribution-of biochemical indices of Kuwaiti school children aged 6- 13 years 
below the Kuwaiti normal limits are presented -in Figure 7.1. Seventeen of 54 boys 
(31.5%) had blood haem0globin levels below 1 L'5 g/dL while 19 of 60 girls (31.7%) had 
blood haemoglobin levels below 11.5, g/dL. As shown in the figure, no subjects were 
found to have fasting serum glucose'levels below the reference range. Two of 54 male 
subjects (3.7%) and 4 of 60 females (6.7%) had serum TG levels below 32 mg/dL. Tile 
overall mean serum total cholesterol (TC)'Ievcls were below 120 mg/dL for 2 male 
subjects (3.7%) and 3 female subjects (5.0%)., However, high-dcnsity lipoprotcin 
cholesterol (HDL-c) concentration -was below the Kuwaiti reference range in 27 of 54 
males (50.0%) and 17 of 60 females subjects (28.3%). For minerals, iron concentration 
was below the Kuwaiti reference values in one male (1.9%) and 8 females (13.3%). 
Magnesium concentrations were lower than 0.70 mmol/L in one male (1.9%) and 2 
females (3.3%). Calcium concentration was below the Kuwaiti reference range in 5 boys 
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Figure 7.1 Percentage of school children who had low blood levels of fib, Glu, TG, TC, 
HDL-c, Fe, Mg, and Ca based on Kuwait reference range aged 6 to 13 year (54 males and 
60 females; and the mean ±SD for age was 10.6 ±2.3 years for males and 10.1 : Q. 5 ycars 
for females). 
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The percentage (%) of Kuwaiti school children between 6 and 13 years of age who had an 
overall average of biochemical indices above the, normal rangewere presented by Figure 
7.2. No subjects were found had Hb levels higher than the normal reference values. 
However, nineteen males (35.2%) from over 54 participants in glucose blood test were 
found above the normal limits while fifteen of females (25.0%) over 60 participate above 
the glucose normal levels. Those with serum, TG. levels above 131 mg/dL were 16 of 54 
males (29.6%) and 10 of 60 females (16.7%). Similarly, the serum TC levels were above 
200 mg/dL for 12 of 54 males (22.2%) 'and . 
13 of, 60 females (21.7%). IlDL-c 
concentration was exceeding the Kuwaiti reference range in, one subject for each gender 
(1.9% for males and 1.7% for females). Amlong minerals, serum calcium levels above 2.7 
mmol/L were not recorded, however, iron concentration was exceeding the Kuwaiti 
reference range in 4 of _54 males 
(7.4%) and 3 of 60 females (5.0%). Magnesium 
concentration was above the Kuwaiti reference values in 5 of 54 males (9.3%) and 4 of 60 
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Figure 7.2 Percentage of school children who had excess blood levels of Ilb, Glu, TG, 
TC, HDL-c, Fe, Mg, and Ca based on Kuwait reference range aged 6 to 13 years (54 
males and 60 females; and the mean ±SD for age was 10.6 4.3 years for males and 10.1 
±2.5 years for females). 
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7.3.3 Relationship between various biochemical variables 
Pearson's correlation coefficients (r) between the variables for all age groups and both 
sexes are shown in Table 7.2. Inter-carrelations were apparent, a few of them significant 
at the P. 005 level and few others significant at P. 001. For example, age had a significant 
negative correlation with magnesium levels, whereas haemoglobin had a significant 
positive correlation with iron. Fasting glucose levels had a significant positive correlation 
with triglycerides but a significant negative correlation with high-density lipoprotcin 
cholesterol and magnesium. Triglycerides had a significant positive correlation with total 
cholesterol and significant negative correlation with high-dcnsity lipoprotcin cholesterol. 
The results also showed other'positive correlations such as between age and glucose (r - 
0.166), and other negative correlations such as age with TC, Fc, and Ca (r = -0.3 10, - 
0.133, and -0.184, respectively). Haemoglobin was , negatively associated with 
triglycerides and positively associated with magnesium. IIDL-c was negatively correlated 
with the minerals (iron, magnesium, and calcium) (Table 7.2). 
Table 7.2 Pearson's Correlation Matrix (all ages and genders) 
Age Hb Glu TG TC IIDLýc Fe Mg Ca 
Age 1.000 
Hb 0.011 1.000 
Glu 0.166 -0.088 1.000 
TG -0.006 -0.157 0.190* 1.000 
TC -0.310 -0.037 0.046 0.189* 1.000 
HDL-c 0.137 0.076 -0.229* -0.571** -0.012 1.000 
Fe -0.133 0.410** 0.006 0.150 0.105 -0.166 1.000 
Mg -0.228* 0.133 -0.206* 0.056 -0.030 -0.145 0.09S 1.000 
Ca -0.184 -0.111 -0.024 -0.027 0.095 -0.061 -0-090 0.024 1.000 
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailcd). 
7.3.4 Metabolic syndrome 
To identify the number of children at risk of metabolic syndrome Cook el al. (2003) 
criteria were used. The criteria used for metabolic syndrome were provided in Table 7.3. 
Based on such criteria, the levels of fasting glucose, triglyccrides, and lIDL-c were used 
among the sample population. It is attempted to predict the percentage of Kuwaiti school 
children at risk of metabolic syndrome with these three factors. 
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Table 7.3 Criteria for Metabolic syndrome 
Kuwaiti Guidelines Metabolic syndrome' 
Guidelines 
Glucose, mg/dL Desirable 70-109 > 110 
Triglycerides, mg/dL High > 131 > 110 
High Density Lipoprotein, mg/dL Acceptable-: f 35 <40 
*Defined as the presence of three risk factors using guidelines developed by Cook et al (2003) study. 
The presence of individual components of the metabolic syndrome were calculated and 
used to assess differences in prevalence of metabolic syndrome by gender. In general, 
metabolic abnormalities were more likely to be seen in males than females. Table 7.4 
summarises frequencies of the number of features of the metabolic syndrome. The 
prevalence of one risk factor or more was 74.1% among males and 55.0% among females, 
with total 64% (95% Cl 55.2,72.8). Similarly, 53.7% of the males had two risk factors or 
more compared to 30.0% of the females. Overall, the metabolic syndrome (presence of 3 
features) occurred in 14.9% (95% Cl 8.4,21.4) of participants. While 20.4% of the males 
had three risk factors, only 10.0% of the females fell in this category. 
Table 7.4 Prevalence of one or more components of the metabolic syndrome in subjects 
Sex n-% (95% confidence int erval) 
ý: I risk factors ?2 risk factors 3 risk factors 
Male 54 74.1 (62.4,85.8) 53.7 (40.7,67.0) 20.4 (9.7,31.1) 
Female 60 55.0 (42.4,67.6) 30.0 (18.4,41.6) 10.0 (2.5,17.5) 
Total 114 64.0 (55.2,72.8) 41.2 (32.1,50.2) 14.9 (8.4,21.4) 
The distribution of each biochemical variable of the metabolic syndrome is shown in 
Table 7.5. The prevalence of glucose level in excess of I 10 mg/dL was 31.5% among 
males and 23.3% among females, with total 27.2% (95% Cl 19.1,35.3). For triglyccridcs, 
the values of 34.2% (95% Cl 25.5 to 42.9) exceeded the threshold limit of Cook el at. 
(2003). The HDL-c level was less than 40 mg/dL in 56.1% (95% Cl 47.0,65.2) of the 
sample. Overall, low HDL-c levels were most common, whereas high TG and fasting Glu 
levels were the least common. Individual risk factors were higher for males than females 
for all three risk factors. 
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Table 7.5 Prevalence of individual metabolic syndrome risk factors 
Sex n% (95% confidence interval) 
High Glu High TG Low IIDL-c 
Male 54 31.5 (19.1,43.8) 40.7 (27.6,53.8) 70.4 (58.2,82.5) 
Female 60 23.3 (12.6,34.0) 28.3 (16.9,39.7) 43.3 (30.8,55.8) 
Total 114 27.2 (19.1,35.3) 34.2 (25.5,42.9) 56.1 (47.0,65.2) 
7.4 Discussion 
In previous chapters, I have shown a relationship between socio-demographic factors, 
health habits, lifestyle, food choice and risk of overweight and obesity among Kuwaiti 
school children. In this chapter, there is evidence that HDL-c levels are relatively low 
compared to reference values, particularly among males. The pooled mean values of 
HDL-c among Kuwaiti school children were lesser than those reported by Sur el al. 
(2005) for normal Turkish school children. They found that the mean IIDL-c values 
decreased in obese boys and girls. 
Although blood glucose levels and total tri acyl glycerol s and serum cholesterol levels were 
within the range of normal values, the tendency was generally towards the higher side of 
normal in these age groups. The results of biochemical indices in this section also indicate 
that about 30% of school children of the current study are likely at risk of different non- 
communicable diseases such as anaernia with no previous knowledge to either themselves 
or their parents. 
Most pooled mean values of biochemical parameters were on the upper side of tile normal 
range. While these levels exceeded some similar affluent populations' values, they agreed 
with others. Several previous studies have attributed such high levels of biochemical 
indices to the nutritional transition stage due to the change of lifestyle and food habits (El- 
Hazmi and Warsy, 2001; Al Mousa et al., 2003; Pinhas-Ilamiel et al., 2003; Brage et al., 
2004). 
Among current study population, 14.9% had all the three risk factors i. e. achieved the 
criteria of syndrome X (Table 7.4). In their study of obesity and risk factors for the 
metabolic syndrome among African American school children (ages 8- 12 years), 
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Braunschweig et al. (2005) found that all students who met the criteria for the metabolic 
syndrome were overweight and no normal weight participant had more than one risk 
factor. The higher overall rates for the metabolic syndrome in our participants than those 
reported by Braunschweig et al. (2005) and Cook et al. (2003) probably reflect the 
increase in obesity prevalence among Kuwaiti students. Unfortunately, our sample (114 
subjects) is too small to assess rates those who had the metabolic syndrome according to 
BMI percentile categories. A recent pilot study of 1700 multi-ethnic 8 th grade children 
found that 13.9% had the metabolic syndrome based on Adult Treatment Panel III 
guidelines (STOPP-T2D, 2004), which is almost close to our finding. Despite tile 
differences in design, these studies collectively show that the metabolic syndrome is 
present in a significant number of fairly young overweight children. 
The results of this study also underlined that 64% of 114 subjects having one or more risk 
factors of the metabolic syndrome. As total overweight and obesity among school children 
in current study was 57.2% based on SIFT or 65.5% based on BMI standards (Table 6.8), 
approximately half of them were classified as obese, it will not be surprising when those 
who had one or two risk factors become victims of metabolic syndrome soon, as a 
consequence of the rapid progress of comfortable lifestyle. Therefore, a majority of 
Kuwaiti children attending primary and intermediate schools were overweight and/or had 
one or more metabolic syndrome risk factors. 
7.5 Conclusion 
We conclude that the current results support previous findings that the Kuwaiti school 
children are at increased risk of being overweight and obese since the findings on the 
biochemical indices indicate a considerable proportion of the subjects are at risk of 
obesity-related non-communicable diseases. Furthermore, the fact that 14.9% of the study 
population had all the three risk factors for metabolic syndrome proves the non-abscnce of 
environmental causes on the high prevalence of obesity among Kuwaiti school chi ldrcn. 
It seems reasonable at this stage to suggest early detection of high risk groups as part of 
primary prevention strategies within the Kuwaiti population, which has the highcst 
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reported prevalence of cardiovascular morbidity and mortality throughout the Arab Gulf 
region (Alsaif el aL, 2002). 
These findings will be discussed further in next chapter (chapter 8). 
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Chapter 8: Overall discussion and conclusion 
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8.1 Introduction 
The fact that Arabian Peninsula States are passing through a phase of economic and 
demographic transition is well known. Rising income levels and purchasing power have 
been accompanied by changes in lifestyle, food choices, types and levels of physical 
activity and ultimately health habits. Kuwait along with other Arab Gulf States is 
increasingly becoming a sedentary society and as has been previously reported has 
increasing levels of obesity and non-communicable diseases (NCDs). This study focused 
on examining secular trends in nutritional status among 6 to 13 year old school children 
with the view to identify non-hereditary (environmental) risk factors which may be the 
direct (or indirect) result of economic prosperity and how these can be translated into 
public health risks for this age group as well as future generations. 
In previous chapters of this thesis, specific findings from the different aspccts of 
methodology have been presented with analysis of these findings. The focus of this 
chapter is to make relevant deductions which take into account the individual findings and 
evaluate their significance in order to provide a scicntiric basis for drawing meaningful 
conclusions about the work and making relevant recommendations which may have policy 
implications in Kuwait. 
8.2 Evaluation of impact of socio-demographic transition on food-related behaviour 
and physical activity levels among the school-age population 
The assessment of current socio-economic status is useful to identify the impact of socio- 
economic transition on school children in Kuwait. For this purpose, specific questionnaire 
(Appendix 2), as an initial tool, was employed in the present study. This questionnaire is 
also to get preliminary information on the nutritional status of the sample population, 
before the study progressed to sophisticated investigations such as 7-days dietary and 
activity record methods on a sub-sample of study population, 
8.2.1 Socio-demographic indicators and their relation to overweight and obesity 
Recent studies Gahagan (2003; 2004) have suggested a strong link in relative risk of 
overweight with family size with a doubling of the risk where there is an only child. In the 
present study, we have found that the number of households with 4 or more siblings has 
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decreased over the last few years from 76.3% (Moussa el al., 1999) to 62.5% (current 
study), whilst over the same period, the number of households with 3 siblings and below, 
has increased 1.58-fold from 23.7% (1999) to 37.6% (2004) thus suggesting that if sibling 
size is a proxy measure of risk of overweight and obesity, then these secular trends 
suggest an increasing public health risk among the average Kuwaiti families. 
Similarly, an incongruous (inverse) relationship has recently been reported between 
parental education and serum cholesterol levels in Turkey (Kocaoglu et al, 2005) where 
children of parents with medium to higher educational levels had higher total serum 
cholesterol levels. Earlier, Kogoglu el al. (2003) had reported an increased risk of obesity 
among Turkish school-age children (11-14 years old) from higher income households 
(families) compared to those from poorer backgrounds. In this study we have shown that 
parental secondary to higher educational level in Kuwait has risen 1.1 4-fold among fathers 
and 1.53-fold among mothers over the last five years. Furthermore, Kuwaiti household 
incomes have risen 1.12-fold for middle to high-income families over the same period 
with 71.1% of families of the sample population belonging to moderate or high income 
brackets according to international classification of income or socio-cconomic class. Over 
the last decade, it has been reported that Kuwaiti families have in real terms, seen a 7.5% 
and 4.5% shift from low to moderate; and moderate to high income levels respectively 
(Moussa el al., 1999). It appears that these apparent socio-economic advantages may not 
have translated into positive health and nutritional benefits to our study population. On tile 
contrary, these non-hereditary (socio-demographic) and modifiable factors may 
inadvertently, contribute to the risk of sedentary behaviour and increased energy 
consumption among children, thus predisposing to overweight and obesity, the evidence 
of which has been reported in this study with 53.6% of 6 to 13 year old boys being either 
overweight or obese (Cole et al., 2000 classification) or 57.6% of boys being overweight 
or obese (CDC 2000 Classification). Similarly, 71.6% of girls of the same age group were 
either overweight or obese (Cole etal., 2000 classification) or 72.6% of them according to 
the CDC classification (Table 6.6). These findings have implications for public health and 
especially nutrition education in schools. 
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8.2.2 Food-related behaviours and lifestyle factors 
Traditional, home-made and well-balanced diets would have potential health benefits 
compared to convenience or fast foods. However, the evidence from this study suggests 
that the majority of Kuwaiti school-age children prefer fast foods to home-made ones for a 
variety of reasons which need to be taken into account in planning any targeted health 
promotion activities including nutrition education and lifestyle modification. The fact that 
of the 1536 subjects included in this study, 56.5% of boys and 63.1% of girls always 
preferred fast foods compared to only 17.6% and 12.5% of boys and girls respectively 
who always avoided this variety of foods from outside the home has huge implications in 
terms of the impact of parental influence on their food-related behaviour. 
In chapter 4 of this thesis, some findings which suggest a huge influence of external 
factors in food-related behaviour in this sample population have been highlighted (using 
health habits and history questionnaire i. e. Appendix 2). For instance, television 
advertisements account for 80.2% of influence among boys and 86.6% among girls. This 
suggests that Kuwaiti school age children are permitted by their parents to spend time 
watching television (as evidenced in Table 4.3). Quite apart from adding to sedentary 
activity, the images and advertisements of food seem to have an influence on food 
preference corroborating the findings of Hitchings and Moynihan's (1998). Furthermore, 
75.1% of all children were attracted by advertising and toy gifts provided by fast food 
restaurants. Surveys conducted in the US have revealed a similar pattern of behaviour 
where adolescents aged 12 - 18 years were found to increasingly rely on foods eaten 
outside particular fast foods rather home-made foods (Lin et al. 1999; St-Onge et al., 
2003). According to Zoumas-Morse et al. (2001) children consume more energy when 
meals are eaten in restaurants than at home, possibly because restaurants tend to serve 
larger portions of energy dense foods. These observations introduce an interesting 
dimension to any future planning of health messages and nutrition-related health 
promotion among this population sub-group including the use of healthy varieties in place 
of less healthy options (Table 5.1) and the introduction of tokens as rewards for those who 
choose healthy foods. 
138 
Other important influences on food choices were peers with nearly 70% of all children 
being influenced by what their friends choose to consume. This also introduces an 
interesting opportunity to use the child-to-child approach to spreading healthy messages 
about food among school-age children in this environment. In their strategy to improve 
weight management, Klein et al. (2004) realised that friends are important factor in 
modifying lifestyle behaviour. Therefore, through good nutrition education at school level, 
children can act as their own mentors in order to influence dietary modification among 
their peers. Such programmes however need to be well thought out and planned to achieve 
success and be sustained. 
Of least influence among this cohort of school-agc children were their own parents 
(27.3% influence) and health professionals i. e. doctors and other allied health workers 
who were consulted on dietary matters for these children in less than 4% of cases. It 
would have been expected that in a traditional, relatively conservative society like Kuwait, 
parental influence would play a major part in food choice in the school-age population. 
These findings seem to suggest that this is far from tile case, and that changes and 
influences in this population in economic and nutritional transition has permeated all 
sections of the life cycle. The implications of this for planning and execution of health 
promotion activities targeting the school age population cannot be overstated. Two key 
issues that need to be addressed are: the permissiveness of parents towards the freedom of 
watching television (more than is necessary from which advertising influences arise) and 
parental encouragement of eating outside the home (fast food restaurants from which 
adverts and gifts continue to influence patronage and therefore food choices) (Taras & 
Gage, 1995; Robinson, 1999; Robinson, 2000; Borzekowski & Robinson, 2001; Bowman 
et al., 2004). 
This study has also revealed a markedly sedentary lifestyle among our sample population. 
This is evidenced by the fact that less than 8% of the population walked to school, 
irrespective of how distant the school was from the home. Although, students in Kuwait 
prefer to go by car as they are used to a comfortable lifestyle, parents may not allow their 
children to walk fearing their safety as trafflc accidents are quite common in Kuwait. This 
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highlights the need for the construction of safe routes to school in any future programme 
for the prevention of childhood obesity. Walking to school could be an easy outdoor 
habitual form of physical activity which should not be seen as a chore and building a 
mentality of this practice would contribute positively to good lifestyle modification 
(James, 2000). However, only 18.3% of the study population undertake any form of 
prescribed or 'intentional' physical exercise for a period of more than 2 hours although 
overall, 38% of boys and 16% of girls undertake some form of exercise. This can be 
explained based on the fact that Kuwait has a critical climatic factor that prevent children 
from exercising (summer extends to eight months). Only 10.6% of surveyed subjects 
enjoyed 'daily' exercising in hot weather. Similar findings suggested that a hot climate- 
country like Saudi Arabia does not encourage individuals to indulge in many physical 
activities (EI-Hazmi & Warsy, 1997), leading to a high prevalence of non-insulin- 
dependent-diabetes mellitus, overweight and obesity (El-Hazmi & Warsy, 2001). 
However, 61% of boys and 38.7% of girls reported actually enjoying their exercises if 
they choose preferable type. This latter finding could be utilised in the planning of 
interesting and enjoyable physical activity programmes for school-age children in Kuwait. 
Therefore, sports promotion with adequate resources should be directed towards the 
encouragement of preferable exercises for children and need to be ccntred on school and 
community programmes, which are consequently likely to be more sustainable. 
Further evaluation of these findings have focused on the influence of a number or 1i restyle 
and behavioural predictors of risk of overweight and obesity using 19 validated variables 
(Table 4.4) (Gillman et al., 2000; Saelcns et al., 2002). Using these 19 variables and 
analysing the response rates in terms of their influence on individuals across the age 
ranges (i. e. 6 to 13 years), the overall mean values of risk prediction showed that 64.1% or 
boys, 68.4% of girls and an overall average of 66.3% (95% Cl 56.7 - 75.8) or tile sample 
population experienced habits and lifestyle behaviours that are strong predictors of risk of 
overweight and obesity. This finding is consistent with the quantitative values obtained of 
the point prevalence of overweight and obesity in this study based on measurements of 
BMI which have been reported above and are also represented in Tables 6.6 and 6.8. 
These observations are corroborated by a recent study by Serra-Majcm et al. (2006) who 
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showed that socio-demographic factors, including a family's socioeconomic status are 
significant predictors of obesity in Spanish children and adolescents (under 14 years). It is 
our view that this new approach could serve as yet another proxy measure of childhood 
obesity risk within a population (and cultural) context. This hypothesis however needs to 
be investigated further for validity in a larger population sample and with different age 
groups. 
8.2.3 Health implications 
As is well known, environmental risk factors for obesity are exacerbated by relevant 
exposure variables including lifestyle factors and food choices, leading to risk 
modification. The risk would be accelerated if more negative exposure variables are 
experienced by the individual. In this study (by using health habits and history 
questionnaire), I have demonstrated in particular, the important determinants of food 
choices i. e. TV adverts, fast food restaurants and peer or child-to child influences. On tile 
contrary, parental influence and that of health professionals as well as the influence of 
school or governmental dietary programs has been very minimal. 
The evidence provided suggests a population at high risk of exposure (66.3% risk). This 
evidence is supported by the findings from physical measurements which indicate that 
over 60% of the sample population is either overweight i. e. above 85th percentile for BMI 
or obese i. e. over 95d' percentile for BMI. The health implications of this picture can be 
translated into risks of morbidity to non-communicable diseases which are increasingly 
being reported in childhood (Freedman et al., 1999; Freedman et al, 2002; Dalton Ct al., 
2003; Nassis et al., 2005). Furthermore, some of this morbidity may have an early onset or 
occur in later adolescence especially lipid disorders, atherosclerosis, diabetes type 11 and 
hypertension which all predispose to the metabolic syndrome with huge clinical 
consequences for the individual. An attempt has been made to address the biochemical 
evidence for these health risks and this will be further evaluated in this chapter. 
8.3 Relationship between energy intake, physical activity and public health 
There is clear evidence of a link between food choice and energy intake with a tcndency 
towards increased intake across the age groups and between boys and girls. From this 
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study it is evident that some of the most important reasons for the increased intake of 
energy are frequent consumption of foods high in fat (especially saturated fat), protein, 
and frequent consumption of carbonated soft drinks at the expense of healthy foods, e. g. 
fresh fruits and vegetables which are the main source of non-starch polysaccharides 
(Table 5.1). 
In spite of the fact that a balanced reduced calorie diet almost has been focused by 
scientists and dieticians as one of the important dietary guidelines, this study has shown 
that both genders for all age groups, energy intakes exceeded the UK dietary reference 
values (EAR values) (Table 5.2). When adjusted for body weight, differences in energy 
intake between boys and girls overall shows a tendency towards statistical significance 
thus suggesting a possible role for weight-adjusted energy intakes as a discriminator of 
intakes among children of different sexes and provide extra evidence that the current 
subjects are consuming high energy (Table 5.3). This high intake of energy is not being 
expended via physical activity i. e. there is a positive energy balance (intake vs. 
expenditure) directly elucidates the increase risk of obesity among surveyed subjects 
(Figure 5.4). Jequier, (2002) concluded that if energy intake exceeds expenditure by only 
5% every day, this result will be equal to gain of 5 kg fat mass per year. Over several 
years, this small 5% every day will lead to morbid obesity. Nonetheless, obesity risk 
decreased by 10% for each hour per day of moderate-to-vigorous physical activity 
(Hernandez et al., 1999). 
In term of the components of energy intake, the results have indicated that the total fat 
intakes were high compared to recommended values (Department of Health, 1991; 2003). 
Fat consumption as a percentage of total daily energy intakes (TEI) was on average 37.2% 
which was higher than that obtained from the MANES III study for USA subjects 
(NHANES 111,2000), see Figure 5.2, because the actual amount of fat in the daily diet is 
high. The amount of fat that was consumed by subjects in the current study on average 
equalled 85.9 g/d which is nearby to consumption levels among British adults 
(Department of Health, 1991; 2003), where the total daily intake of fat by tile British 
population was 87.8 g/d (102.3 g/d and 73.5 g/d males and females respectively). The 
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findings indicated that saturated fat (SF) contributed on average of all age groups for tile 
two different genders approximately 36% of total fat intakes, provided approximately on 
average 14% and 12.8 % for males and females respectively of total daily energy intakes 
(see Table 5.4) and exceeded recommended values (10% of total daily energy intakes) 
(Department of Health, 1991; 2003). On the other hand, poly-un saturated fat (PUFA) 
values for males and females were lower and close to the half of the values of adult British 
population. PUFA contributed on average of all age groups for the two different genders 
approximately 13% of total fat intakes (provided approximately on average 5.3% and 
3.9% for males and females respectively of total daily energy intakes, see Table 5.4), 
which lower than the adult British population (30%). Thus, this sample population is 
consuming very high levels of fat for their age, especially saturated fat which is likely the 
way of cardiovascular disease and other health risks (Peter el al., 2003). 
Similarly, protein intakes were very high indeed (Table 5.4 and Figure 5.3) and reached 
1.8 to 2.7 times (Table 5.5) the maximum daily requirement for similar age groups 
(Department of Health, 1991; 2003). The consumption of protein for subjects in current 
study aged 6 to 13 years on average equalled 84.8 g/d, where the total daily intake of 
proteins among British adults population is 74 g/d (84 g/d and 64 g/d for males and 
females respectively), with no significant difference between boys and girls. This very 
high intake of energy animal protein if combined with less performance of physical 
activity will lead to storage of protein as body fat and then will further add to weight gain 
(Fukagawa & Galbraith, 2004; Millward, 2004). At least two previous studies found a 
positive correlation between protein intake and BMI, suggesting increased intake of 
protein probably is the way of obesity (Alfieri et al., 1997; Voss et al., 1998). 
Furthermore, excessive intakes of protein contribute to deterioration of renal function in 
patients with renal disease or increasing glomerular filtration rate or cndothclial 
dysfunction (Brenner et al., 1982; Wiseman et al., 1987; Garlick, 2004). Among sample 
population proteins contributed on average of all age groups for the two difTcrcnt genders 
approximately 16.4% of total daily energy intakes (approximately on average 15.3% and 
17.2% for males and females respectively of total daily energy intakes), which were 
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higher than the results obtained from the MANES III study (14%) and also above 
COMA recommendations. 
Carbohydrate intakes were also high compared to recommended values (Department of 
Health, 1991; 2003). The amount of carbohydrates that was consumed by subjects in the 
current study on average equalled 237.7 g/d which is close to consumption levels among 
British adults population (Department of Health, 1991; 2003), where tile total daily intake 
of carbohydrate by the British population was 232 g/d (272 g/d and 193 g/d for males and 
females respectively). However, carbohydrates contributed on average of all age groups 
for the two different genders approximately 46% of total daily energy intakes 
(approximately on average 46.6% and 45.2% for males and females respectively of total 
daily energy intakes, see Figure 5.2 and Table 5.4), which were lower than the results 
obtained from the NHANES III study (53%) and also below the COMA recommendations 
(50%). 
Therefore, the evidence in this study suggests that this is a largely sedentary sample 
population (the average of PAL ±SD was 1.29 ±0.13) and consuming high energy, There 
is no evidence to suggest that any concerted efforts are being made at the school or 
community level to improve the dietary habits and promote the physical activity of 
Kuwaiti school children. This emphasizes the need for an integrated approach to tackle tile 
problem of obesity in Kuwait, with particular emphasis on children in the age group of 6- 
13 years old. As part of that integrated approach, the following diet and physical activity 
guidelines for this particular age group are suggested. Hopefully these guidelines, which 
were also revised by Department of Health (2003) and Neira & de Onis (2006), can be 
incorporated within diet and health framework of the Kuwait's Ministry of Health. 
Diet and ph vsical activitv Ruldelines: 
1. Carbohydrates should represent 50 to 55% of total daily energy intake. 
2. Fats should not exceed 35% of total daily energy intake, and saturated fatty acids 
should be reduced to less than 10%. 
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3. Protein should provide a maximum of 15% of total daily energy intake, with the 
reduction of animal origin. 
4. The daily consumption of vegetables and fruit should be increascd to 5 portions 
(approximately 400 g/day). 
5. Food products rich in sugars should be avoided or consumed moderately. 
6. Drink plenty of water 1-2 litres/day. 
7. Consume no more than 5 gram of salt per day. 
8. Daily balanced breakfast, at home, is recommended (this can improve cognitive, 
and physical performances and decrease mid-morning craving effect). 
9. Increase physical activity to at least 60 minutes of modcrate-intensity activity five 
times a week. 
In the next sections below, further evidence of the impact of the above findings on the 
individual child's physical characteristics and biochemical measures of risk will be 
highlighted. The combined effects of these findings as a cumulativc cxposurc to 
nutritional and health risk will be discussed and a schematic model uscd to summarise 
their overall implications for public health. 
8.4 Implications of current food-related behaviour and physical activity levels on 
body fatness and point prevalence of overweight and obesity 
It is worth to reveal the prevalence of overweight and obesity in childhood, to predict 
early health risks. In sections 8.2 and 8.3 above, the translation of tile effects of sedentary 
lifestyles, increased food intake, inappropriate food choices and their impact on estimated 
energy balance have been presented. Physical measures of obesity (i. e. using BMI and 
SIFT cut-offs) have demonstrated a high prevalence of overweight and obesity in the 
sample population. This study indicates a high prevalence of total overweight or 57.2% 
based on SIFT and of 65.5% based on BMI (Table 6.8). Of these overweight school 
children, approximately a half arc obese, with a significant likelihood of some having 
multiple risk factors for diabetes 11, heart disease, and a variety of other NCDs. It indicates 
that, there is an association of the occurrence of overweight with an improvement of 
Kuwaiti socio-cconomic status. This emphasizes that the high trend of obesity among 
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Kuwaiti children is due to environmental factors rather than genetics. This also agreed the 
findings of Florcncio et al. (2001) who suggested that environment factors arc likely to be 
responsible for the high prevalence of obesity. However, few studies have added puberty 
as a factor. For example, Irwin (1991) reported that body fat and lipids are all affected by 
puberty. In present study the percentage of body fat increased strikingly in females 
through adolescence, while it was not consistent in maics (Table 6.4). In spite of that, such 
changes in body fat and lipid profiles during puberty may be influenced by tile decrease in 
physical activity and changes in cating habits that are commonly seen during adolescence 
(Sallis el al., 1992; 1 lill & Trowbridge, 1998). 
Interestingly, there appears to be a discrepancy or lack of agreement between the two 
methods (BM1 and SFT) in defining obesity among boys and girls, see Table 6.8 and 
Figure 6.13. Certainly, this is due to the use of varying criteria based on international data 
for defining obesity among local children. Previous study found difrcrcnt anthropornctric 
indicators may give difTcrcnt indications for the same subjects (Dalton el al., 2003). In 
spite of that, they have been widely used and were recommended for different populations 
(Lobstcin et al., 2004). Therefore, for precise health indications, Kuwait and other 
Arabian Peninsula countries should develop their own accepted references by using local 
data in order to determine which method is more accurate for measuring obesity among 
school-age children. 
Further analysis of physical measures of nutritional risk when correlated with El and PAR 
revealed interesting findings which have major health implications (Table 6.9). What 
these findings demonstrate is an apparent direct link between inappropriate food-rclatcd 
behaviour and lifestyle factors and physical inactivity which in my vic%v arc translated into 
changes in body composition. These arc manircst in the changes in BMI, SFT and WIIR 
observed in this sample population, which all arc acting as a predictor not only of 
decreased physical activity level but additionally being strongly significantly linked to 
increased energy intake. In a recent study of age and scx-matchcd school-agc children in 
Yemen, an Arab country, RaJa'a el al., (2001) reported ESFT values of malcs and females 
which were far less than those reported in this study. Such differences in ESFT values in 
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two genetically similar populations suggest a possible strong environmental clement to the 
differences because unlike Kuwait, Yemen is a relatively poor country and consequently, 
food availability, choices and dietary habits and nutrient intake among children in the two 
countries may have been significantly different. 
The present scientific observations arc also different from previously reported measures of 
physical characteristics of a similar cohort of school-age children growing up in Kuwait 
two decades earlier (Eid el al, 1984) (Figure 6.7). Essentially, this is a homogenous 
population whose genetic make-up has not changed significantly over the last two 
decades. What have changed significantly are environmental conditions relating to the 
epidemiological and nutrition transition in this population. These are rcflcctcd in the 
changes in income levels, wealth and the availability ora range of lifestyle choices which 
were not available to a similar population decades ago. 
There is therefore a clear environmental element of concern regarding tile risk factors 
which have been unravelled in this sample population namcly: excess of energy intake 
over expenditure resulting from poor food choices, continuous physical inactivity, lack of 
nutrition education and lack of control in terms of school health policy and parental 
influence on children's nutrition-rclatcd behaviour. Once again, the policy implications of 
these observations arc clear. 
8.5 Evaluation or impact or oi)esity on biochernical Indices or sampie population (i. e. 
biochernical evidence for licalth and nutritional risk) 
It is also well known that nutritional risk factors include biochemical and metabolic risks 
and that overweight and obesity predispose to the metabolic syndrome (Braunschweig el 
al., 2005). Linking exposure to environmental risk factors to biochemical measures would 
help us understand further the extent to which risks have been translated into hazards and 
or whether they have been translated into clinical outcomes detrimental to health. These 
links with biochemical changes arc the subject of this section. 
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8.5.1 Biochemical indices levels 
Findings from pooled mean values of a number of biochemical indices of nutritional status 
suggest a well nourished sample population with most indices on the upper side of tile 
normal range of reference values (Table 7.1). These values overall, were similar to 
biochemical values reported in well nourished populations elsewhere particularly in 
developed countries (Bartrina el al., 2006). Further evaluation of these findings and their 
implications in the overall scheme of things follow in this discussion. 
Although this proved to be an ovcrfcd population overall, it was found that approximately 
third of subjects (31.5% with I lb values below the reference range for age) also might be 
at risk of anacmia. These findings are consistent with that of Al-Mousa el al. (2003) who 
reported an overall mean hacmoglobin level of 120 g/L (95% Cl 73-159 g/L) among 
Kuwaiti school-agc girls. The lattcr research group suggested that the low hacmoglobin 
concentration was associated with poor dietary intake of hacmatinic nutrients, especially 
Fc and Folate sources. This observation is not entirely surprising given tile range and 
types of foods chosen by this present collort. There was over reliance on high fat sources, 
fizzy drinks and other high caloric foods with very little choice of green leafy vegetables 
and good iron source. The diets of this cohort also lacked fruits and vegetables which 
would have provided ascorbatc to promote particularly the absorption of non-hacm Fc in 
the dict. In a separate study on iron dcricicncy in overweight and obese children and 
adolescents in Israel, Pinhas-llamicl et al. (2003) found that serum iron levels in the 
control group (normal children) was 15.8 (-15.6) pmol/L compared to lower values (13.3 
±5.5 [tmol/L) in overweight children and even much lower levels in tile obese children 
10.6 (+-5.7) jullol/L thus suggesting a link between obesity and risk of iron deficicncy. In 
this study, the mean serum iron level of subjects was 13.11 (±4.67) pmol/L. 
Compared to reference data, it is noteworthy that the mean (ISD) values for fasting 
glucose was equal 102.62 (±18.83) mg/dL were on the upper side of the non-nal range. 
This level among subjects was higher than the values reported by Weiss ct al. (2004) for 
obese black, white, and I lispanic children in the United States and those by Alataki et al. 
(2004) for obese Greek children. Moreover, the mean glucose levels were higher than 
those reported by Brage el al. (2004) for Danish children. 
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There was a decreasing trend in the total cholesterol levels with age in tile current study 
which is in agreement with the findings of El-Ilazmi and Warsy (2001) for Saudi children 
of similar agcs. The explanation for this observation is that dynamic changes in serum 
lipids tend to be observed during puberty (Fukushige el al., 1996). Furthermore, serum 
IIDL-cholesterol (IlDL-c) values diffcrcd between malcs and females (p=0.005), but the 
pooled mean values of IlDL-c were less than those reported by Sur el al, (2005) for 
Turkish age-matchcd school children. 
A number of studies have attributed high levels of biochemical indices to changes in 
lifestyle and food habits (El-IIazmi and Warsy, 2001; Al Mousa el al., 2003; Pinhas- 
Ilamicl el al., 2003; Wage el al., 2004). In this study, the biochemical indices examined 
showed an upward trend compared to normal values in an age group which is relatively 
young. If these observations continue to persist, the chances arc that these subjects will be 
vulnerable to dict-rclatcd NCDs. Of particular significance is the fact that overweight and 
obesity are known major risk factors for insulin resistance and type 2 diabetes mcilitus 
(Ilaffhcr el al., 1992; El-Ilazmi & Warsy, 2001). Although these have in the past been 
regarded as diseases of older agc-groups, the incidence is increasing among children, 
adolescents and young adults (Freedman el al., 2002). Other co-morbiditics related to 
obesity include abnormal lipid profiles, particularly high serum triacylglyccrol levels, high 
LDL-cholcsctrol and a low level of IIDL-c (dyslipidaemias) plus insulin resistance and 
high blood pressure. These co-morbiditics have collectively been classificd as tile 
components of tile metabolic syndrome (syndrome X) (Ford and Giles, 2003; Das, 2005) 
with obesity at the ccntrc of risk. It appears that the socio-dcmogropilic circumstances of 
this sample population have conspired to increase their vulnerability to obcsity-rclatcd 
morbidity unless there is an effort to rectify or reverse tile current trend. 
8.5.2 Risk of metabolic syndrome 
Present study idcntiricd the extent to which Kuwaiti school children are at risk of 
metabolic syndrome by analysing their blood sample for three risk factors: fasting 
glucose, IlDL-c, and triglyccridcs. Although, the definition used for the metabolic 
syndrome was devised for older children (12 - 19 years), the literature showed that this 
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definition have been used for younger children. In a study of obesity and risk factors for 
the metabolic syndrome among African-American school children (ages 8- 12 years), 
Braunschweig et al. (2005) found that tile metabolic syndrome occurred in 5.6% of 
participants, and exclusively in those with BMIs at or above the 95th percentile of NCIIS 
reference values. Similarly, Weiss el al. (2004) reported that 49.7% of children (4 - 20 
years old) with BMIs above the 97h percentile (very obese) had the metabolic syndrome. 
Among our current study population 14,9% had three risk factors for the metabolic 
syndrome (Table 7.4) although we did not include measurement of blood pressure as one 
of the indicators. Insulin resistance was also not measured although serum fasting glucose 
levels showed an upward trend. There is a real risk of Type 2 diabetes and possibly 
cardiovascular risk in this population, which may not be directly the result of hereditary 
factors but rather environmental exposure variables. These clinical variables will be worth 
investigating further in the near future in order to ascertain their individual contributions 
to risk. Ilowcvcr, the physical measurements together with our biochemical findings 
provide a picture of how childhood obesity among Kuwaiti school-age children might 
pose a serious clinical risk. This emphasizes the need for a school health policy including 
screening interventions and actual strategies including tackling physical activity 
programmes, school feeding and nutrition and health promotion plus appropriate 
counselling for those at increased risk. 
8.6 Summary of possible public health and health promotion policy implications and 
interventions based on the findings of current study for the school-age population In 
Kuwait 
This study has highlighted the underlying social changes that have led to rising levels of 
obesity in the particular age group 6- 13 years old. These underlying factors, as listed 
below, are a consequence of social development and modernisation. Deep awareness of 
the impact of all of these determinants should be the core of any strategy targcting for the 
prevention of obesity or to reduce morbidity and mortality rates related to unhealthy dict 
and physical inactivity. 
1. Depending on private transport for short distance; e. g. going to schools. 
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2. Low outdoor activity. 
3. Less than one hour/day of moderate, intermittent activity. 
4. Sleeping more than 8 hours a day. 
5. Negative influence of friends and parents. 
6. Negative impact of television, restaurants, and mass media advertisements. 
7. Television viewing and playing stationary games more than one hour daily. 
8. Conservative society, deprive girls from their preferable physical activity. 
9. Skipping daily breakfast. 
10. Eating without real need of food. 
11. Eating without sitting at dinner place, and with no one to share. 
12. Increased trend of fast food and sweetened soft drink consumption. 
13. Low intake of fruit and vegetables. 
14. Less energy intake derived from carbohydrates in comparison with fat and protein. 
Figure 8.1 below summarises a conceptual framework of interacting variables which have 
informed this study and through which policies and interventions may be devised in order 
to tackle this public health challenge in the context of the Kuwaiti school-age population. 
The framework illustrates the impact of the socio-demographic transition that has 
occurred in Kuwait over the last three decades. This shows that as income levels have 
risen and people have continued to enjoy more comfortable lifestyles, there has been a 
direct effect on their levels of physical activity. This effect has been seen not only in the 
adult population who now own numerous vehicles per family, but more importantly, it is 
affecting children and adolescents. As other avenues for spending their time such as 
playing video games, watching television instead of doing household chores and outdoor 
activities, combined with a wider variety of food choices available to them new tastes and 
habits have been acquired. 
The consequence of increased food availability and choice has been for young children to 
make choices which include high energy, high fat, sugar and salt based diets whilst at the 
same time, exhibiting low levels of daily total energy expenditure. This shift in energy 
balance has been confirmed in this study by the observation high BMI values, increased 
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ZSFT, and increased WHR thus classifying the majority of subjects in this study as either 
overweight or obese. 
Further evidence of the nutritional risk of the sample population is provided by clinical / 
biochemical measures including high levels of serum fasting glucose, total tri acyl glycerol s 
and total cholesterol levels associated with low HDL-c levels. The latter further supports 
the notion that their levels of physical activity are low as this is associated with low IIDL- 
c levels. These biochemical findings support the view that this sample population is at 
increased risk of NCDs and the metabolic syndrome. 
Although the picture is one of a potentially serious public health epidemic, it also provides 
opportunities for action and the implementation of new policies and / or a review of 
existing policies in order to address the problem avert any public health crises and 
improve the health and well-being of the school-age child in Kuwait. The novelty of this 
project lies in how these exposure variables have been captured in order to paint a picture 
which allows for an intervention strategy to be developed and implemented. 
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These findings, which have been outlined above, suggest the presence of risk of the NCDs 
associated with overweight and obesity and have serious health implications: 
(1) to the individual in terms of their short, medium and long term risks; 
(2) to the school community in terms of opportunities to review environmental risk 
factors and in particular nutrition education and health promotion, physical activity 
programmes and feeding practice within the school community; 
(3) the family with regards to nutrition education and health promotion particularly in 
relation primary prevention of NCDs and lifestyle and dietary modification with a 
view to reducing overall calorie intake and promoting healthier lifestyles including 
fun-typc physical activity for children; 
(4) the public health authorities in terms of taking a serious look at these findings and 
ticking time bomb of obesity and NCD risk and their likely impact on the health of 
the nation, health costs and the economy; 
(5) in the light of these serious findings to examine the policy implications and how 
through a multi-d iscipl i nary approach, inter-agency working and strategies can be 
developed and implemented at the home (community) and school level to reverse 
the current trends. 
Programmes specifically targeting the primary and secondary prevention of childhood 
obesity in Kuwait require work plans at different levels as follows: 
A. Targeting the school community 
" Physical education / activity programmes 
" Nutrition education / health Promotion 
" School meals / feeding programme 
" Involvement of school caterers and food suppliers 
B. Targeting the school-age child 
9 Dietary and lifestyle modification programme 
0 Physical activity promotion 
,D Nutritional and psychological counselling 
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C. Role of parents and local community 
9 Parental education / support and involvement 
Parental control of lifestyle and food choices 
Parent-teacher cooperation / working together 
D. Role of government and policy makers 
e Review of current school health policies 
0 Undertake cost-benefit analyses relating to school health provision and the 
health of the nation 
Inter-agency policy working group between ministries of education, public 
health and local government 
Targeting and legislation regarding food advertising and working with the food 
industry 
Involvement of health professionals and other stakeholders 
8.7 Examples of preventive strategies and its application to combat childhood obesity 
in Kuwait 
The intense and rising burden of NCDs, considering the situation described above, 
necessitates the need for integrated approach to combat the problem of obesity in Kuwait. 
Medical treatment is expensive and due to current social and environmental pressures 
children are likely to remain seriously overweight and at risk of chronic diseases 
throughout their life (Summerbell et al., 2003; Petrovici & Ritson, 2006). Thus, the high 
cost of such programmes (medical programmes) should be recommended only for the 
severe forms of obesity. A recent review of Lobstein el al. (2004) concluded that obesity 
prevention is the only feasible option for both developed and developing countries. It is 
the most realistic and cost effective approach for dealing with childhood obesity. Such 
programmes (obesity prevention) to promote a healthy diet and increased physical activity 
will benefit the health of all Kuwaiti school children, irrespective of obesity risk. 
However, these programmes require changes in social and environmental context, because 
children cannot be expected to bear the full burden of responsibility for preventing excess 
weight gain (Sj6str6m & Stockley, 2000; Ebbeling et al., 2002; Kumanyika et al., 2002). 
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The most important settings for preventive interventions are school and family-based 
settings. Schools influence the lives of most children and present frequent opportunities 
for education and promotion of healthy diets, physical activity and other healthy 
behaviours (Story, 1999). Nevertheless, most Kuwaiti schools did not encourage the 
choice of healthy food and/or physical activity. Only 10.3% of Kuwaiti school children 
interested in schools or government diet and health programmes (see Table 4.3). School 
syllabus should be modified in such a way to increase and reorient physical education by 
promote extracurricular physical activity as well as encourage choice of healthy food and 
drinks (e. g. schools should prohibit unhealthy food advertising). Schools also should 
persuade children to walk or go by cycle to school (92% of sample population daily 
reliance on private transport). On the other hand, at family setting, parents should take 
high levels of personal responsibility for their child health because this study has 
recognised a very minor effect of parents on their children (see section 8.2.3). As agents 
of change they could help their children to reduce weight. (Birch & Fisher, 1998; Fisher et 
al., 2002; Klein-Platat et al., 2003). However, obesity prevention is more likely to be 
effective and sustainable only if government policy'and community structures encourage 
efforts undertaken by parents to achieve health-promoting environments for their children 
at home, and by education practitioners for teaching children about healthy diets and 
physical activity at schools (Campbell et al., 2002). For this purpose, the prevention of 
obesity has been highlighted by different government agendas, such as USA (Institute of 
Medicine, 2004) and UK (www. dh. gov. uk; 2007). It is our view that the significant role of 
Kuwait government is to ensure that the health staff has a strong knowledge and 
awareness of the importance of overweight and obesity as a chronic condition that should 
receive similar interest as other NCDs. The Health Ministry should use all available 
opportunities to disseminate information on the dangers of obesity, and make clear 
training programmes for the staff. The Ministries of Health, Information and Education 
should organise' frequent campaigns to promote physical activity and healthy eating. 
Further action is related to the regular detection of overweight and obesity using BMI, 
WHR, and SFT (at least two methods) should be part of the general check-up of all 
children, particularly school children, in schools as well as primary health care centres. 
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Currently only a few countries have developed comprehensive strategies (most have trials) 
to prevent the rising levels of obesity, although the prevalence of overweight is increasing 
worldwide. This section illustrates four examples of prevention programmes that have 
been tried and adopted by different countries. These examples can be useful for an 
intervention strategy to be developed and implemented to reverse current childhood 
obesity trends in Kuwait. 
1) Trials by Robinson (1999; 2000) used a classroom curriculum to reduce television, 
videotape watching and video game playing among children aged 8-9 years (in grades 3 
and 4) provided beneficial effects measured by different physical measurements. 
Intervention children group, who received 18 lessons over 7 months, watched significantly 
less television, videos and computer games when compared to the control group (similar 
aged children in a school of similar socio-demographic and academic status). This was 
complemented with a significant reduction in several physical measurements such as 
BMI, WHR, and SFT in the intervention group, although there was no difference in high- 
fat food intake. In regard to our study, high proportion of Kuwaiti school children spent 
several hours a day watching television (TV) and computer games. Consequently, suitable 
lessons relevant to this aspect may help to reduce weight gain. However, the action should 
not be ended at this point. The school plan should include other programmes that can 
promote diet (e. g. introducing adequate and balanced health meals) and physical activity 
(e. g. access to practical physical activity). 
2) In Singapore, 'Trim and Fit', which is a national healthy lifestyle programme relate to 
school-age students has had some success in reducing the prevalence of obesity (Toh et 
al., 2002). This programme includes a variety of changes in the school environment, 
backed up by resources from the Ministry of Education directed to the schools. The 
programme for overweight children consists of. "an exercise programme and counselling 
on proper nutrition. Teachers monitor the children's weight regularly. Physical activity 
takes the forms of games and exercises during recess or outside curriculum time. Parents 
of overweight children are invited to support the programme through seminars and 
meetings. Besides physical activities, overweight children are given nutrition counselling, 
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including choice of low-calorie foods in schools canteens. School canteen vendors arc also 
advised on healthier methods of cooking. More fruit and vegetables are encouraged" 
(Singapore Ministry of Health, 2002). 
Although, Education Ministry in Singapore supported this programme and provided 
intensive training for all teachers, 'Trim and Fit' achieved modest successes, with 
reduction in the prevalence of obesity from about 16% to 14% over an 8-year period. An 
important point that should be noted, the programme focused only on changes in the 
school environment and ignored other effects that related to the child outside school 
hours, such as the effects of brothers and sisters, friends, restaurant advertisements and 
mass media. These factors, plus the stigmatization factor (Wilson, 1994), are likely still 
affect cating and activity patterns of intervention children. This may help to explain the 
low degree of obesity prevention achieved by this programme. Nevertheless, similar 
programme targeting all school children (not only overweight and obese children or 
children at high risk for obesity) may help to reduce obesity among Kuwaiti school 
children if include intensive links with proper action plan at family and community, 
private sector and health system levels. 
3) Crete, which is a Greek island, has one of the highest rates of childhood obesity 
documented for any population. A study of Mamalakis el al. (2000) has monitored a 
collection of children over a period of 6 years (1992-1998). Selected children were 
divided into two groups: intervention children group and control group. Twenty four 
schools participated in the intervention programme while twelve schools acting as 
controls. Interventions programme consist of. health education, improvements in nutrition 
and support to receive physical exercise (provided theoretically as a taught subject and 
practically as physical activity periods during school hours). A cohort of children aged 
about 6 years old was monitored in the first year of programme and again at age 9 and 12 
years. The results compared with controls demonstrated significant improvement in the 
intervention children in terms of numerous cardiovascular risk factors (Manios el al., 
2002). Findings in terms of BMI also showed improvements in the intervention children 
compared with the control children. Among the three evaluation phases (at the outset, 
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mid-way and at the end of the trials), the greatest effects of the intervention appeared in 
the first 3 years. It is likely that older children have less attraction to school-based health 
messages. Therefore, the replication of such trials as a partial strategy for Kuwaiti school 
children may lead to adverse consequences after more than three years, with considering 
the times that spent by children outside schools. In addition, during this trial, there is no 
focal point to encourage significant change in the environment at home and community 
that possibly promote unhealthy behaviour. 
4) In Spain, Ministry of Health and Consumer Affairs developed strategy for nutrition, 
physical activity and the prevention of obesity (NAOS). The aim of this strategy is to 
improve the diet and encourage the regular practice of physical activity by all citizens, 
with special emphasis on children and adolescents (Neira & de Onis, 2006). Over 80 
organisations participated in drafting this strategy, including universities, professional 
colleges, scientific institutions, foundations and associations. The strategy launched on 10 
February 2005 and focused on actions in four main levels: the family and community, the 
schools, the private sector, and the health system. 
This strategy depends on the participation of professionals, parents, and consumer 
association in production and distribution of information promoting improved eating 
habits and active lifestyle (e. g. dietary and physical activity guidelines) at the family and 
community level, by using media campaigns, cartoons and other suitable symbols for this 
purpose. It also emphasizes the importance of creating green areas and sports facilities in 
neighbourhoods. In schools, policies and programmes that encourage healthy diets and 
physical activity are included in the academic curriculum knowledge and skills related to 
diet and nutrition. In order to get strategy in progress, voluntary agreements were signed 
between Spanish Ministry of Health and Consumer Affairs and the appropriate food and 
catering manufacturers in private sector to support healthy diets and physical activity. 
Finally, at health system level, the main action was to ensure that health professionals in 
Primary Health Care are aware of obesity as a chronic condition that should achieve the 
same concentration as other non-communicable diseases. 
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Certainly, Spanish strategy introduced practical solutions to reduce the trend of increasing 
obesity. Despite the environmental and cultural differences between the two countries 
(Kuwait and Spain), it includes useful suggestions for action that should be taken into 
consideration to support Kuwait strategy in order to promote a healthy diet and physical 
activity among school children. However, because it is new and started recently, there is a 
lack of evidence that support the efficacy of this strategy. 
Although, there is a lack of evidence on the effectiveness of most proposed channels 
worldwide, a variety of channels (examples: mass media, written materials, skills training, 
counselling and advocacy) have been successfully employed by European countries 
(Sj6str6m & Stockley, 2000; Ells el al., 2005). In regard to Kuwait, many approaches 
(channels) can be used targeting to promote a healthy diet and increased physical activity. 
For example, mass media can be useful at least for short term to promote running 
programmes and by introducing and supporting diet and physical activity guidelines 
(Grilli et al., 1997). The participation of famous public personalities (e. g. sports men and 
women, famous actors, and comedian), parents and consumer association will be very 
useful to spread appropriate information on health issues to children (e. g. guide children 
on the detrimental effects of excess television watching and playing computer games). 
Healthy diets and active lifestyle also can be promoted by using cartoons and other 
representations of the entertainment industry. In addition, the input of health professionals 
to explain the role of nutrition in health promotion and prevention, as there is currently a 
lot of ignorance in term of this aspect in Kuwait. These suggestions for developing 
Kuwaiti public health strategy ultimately will depend on the Kuwaiti Ministry of Health 
that can use and tailor for suitable channels based on available facilities in order to make 
changes to encourage healthy lifestyle for Kuwaiti school children. 
Overall, the beneficial outcomes of the first 3 examples are small compared with the size 
of obesity problem. Currently, there is limited quality data on the effectiveness of these 
strategies on long-term, perhaps, because obesity is a complex condition unlikely to be 
combated by relatively simple solutions. This means any programme (or solution) aimed 
at reducing or preventing the risk of obesity, in the medium-to-longer term, should be able 
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to be evaluated periodically, sustainable, flexible and community acceptable. In the 
context of Kuwait, the combination of actions at family and community, schools, primary 
health services centres, with government support for the funding, monitoring and 
surveillance, is more important for obesity prevention and can achieve better results. In 
fact a strategy to prevent children from becoming obese is highly recommended to be 
taken into consideration, and then, launched as soon as possible, before it is too late, to 
decrease the risk of the heavy and growing burden of NCI)s that are related to unhealthy 
diet and physical inactivity. 
8.8 Strength and limitations of the current work 
The strengths of the present study lie in the combining the following in one frame: i) the 
representative of the sample, ii) the investigation of socio-economic status, iii) the 
assessment of eating and activity-related behaviour, iv) the use of three accepted physical 
measurements (BMI, WHR, and SIFT), and v) the estimation of metabolic syndrome risk 
factors. The analysis of the relationship between physical measurements and energy intake 
or physical activity ratio in school children (Table 6.9 and Figures 6.14 & 6.15), in 
addition to the analysis of metabolic syndrome components, makes this study one of the 
first in this field in Kuwait for the age group 6- 13 year old. However, some possible 
limitations of this study have to be mentioned. Ideally it would have been useful to 
measure blood pressure and determine insulin resistance as part of the attempt to measure 
risk of the metabolic syndrome. This could form part of a future study in this population. 
In spite of this limitation, there is sufficient evidence to support the notion that risk of 
nutritional exposure exists in this population and needs urgent attention. 
Another concern is the limited validity of measures of dietary intake and physical activity 
based on student reports. We cannot dismiss the possibility that the selected students may 
have biased their records of dietary intake and physical activity as a consequence of the 
survey, although we have no evidence to support this assumption. However, administered 
dietary and activity records for 7 days in this study possibly will minimises bias (Sempos 
et al., 1992; Macdiarmid & Blundell, 1997). We have focused on 7-days dietary and 
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activity records methods because it's accepted worldwide for this age group and there is 
no obvious data available from this method in the local region. 
8.9 Conclusions 
The epidemiological transition involving concurrent shifts in diet, physical activity and 
body composition is accelerating in Kuwait and associated with the prevalence of 
childhood obesity. This study highlights the high prevalence of overweight and obesity in 
6- 13 year old children in the primary and intermediate schools of Kuwait. Strong 
evidence indicates that the high intake of energy is not being offset by concomitant 
expenditure and then the prevalence of childhood obesity is increasing and if left 
unchecked this is likely to have some dire public health consequences. 
The fast rising trends of overweight and obesity in a genetically homogeneous population, 
indicated that the environment factors actively support the promotion of fatness; and a 
summary of major evidences were as follows; 
I. High level of socio-economic status has been accompanied by sedentary lifestyle 
and unhealthy food choice. 
2. High energy intake and low physical activity level. 
3. Adequate or high intake of micronutrients, it means subjects were well or over 
nourished although the micronutrients were not always absorbed by the body. 
4. A consistent upward trend in weight, height, and BMI for the genetically 
homogenous population during the last two decades, in comparison to an earlier 
study of a similar age and sex-matched cohort by Eid et al. (1986) (Figure 6.7). 
5. Most surveyed subjects were above the 90th centile of Magbool (1994) study 
(Saudi counterparts) although genetically similar, and then the suggestion of his 
study was rejected that the risk factor for obesity is mainly genetic. 
6. In comparison with other previous studies, the values of BMI, WIIR, and SFT tend 
to match similar values in wealthy rather than poor countries. 
7. The three anthropornetric measures (BMI, WEIR, and SIFT) were positively 
associated with daily energy intake and negatively associated with physical 
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activity ratio indicated that environmental factors play a major role in deriving 
obesity. 
8. The fact that 14.9% of the study population had all the three risk factors for 
metabolic syndrome suggests a strong environmental influence on risks of obesity 
and its associated co-morbidities among Kuwaiti school-age children. 
This study has clearly highlighted the presence of a significant public health problem i. e. 
increasing levels of childhood obesity in Kuwait. An attempt has been made not only to 
highlight the nature of the problem but also to provide a framework on interacting factors 
and how they relate to preventive strategies. A number of examples of studies and 
interventions undertaken elsewhere have been mentioned and an attempt made to suggest 
a strategy for tackling the problem in Kuwait. This study needs to be examined by policy 
makers in order to help them address the growing problem of childhood overweight and 
obesity in Kuwait. 
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Appendix 1 
WRITTEN CONSENT FORM 
TITLE OF INVESTIGATION: A study of health habits and food choice on the 
nutritional status and obesity risk in 6- 13 year old school children in Kuwait 
VOLUNTEER'S NAME (BLOCK CAPITALS): 
ADDRESS:, - 
TEL: 
DATE OF BIRTH: GENDER: MIF 
I have read the attached information on the research in which I have been asked for my 
child's participation and have been given copy to keep and a questionnaire to be filled 
down. -I have had the opportunity to discuss1he details and ask'questions about this 
information. The Investigator has explained the nature and purpose of the research and I 
believe that I understand what is being proposed. I have been informed what the proposed 
study involves. I understand that the 'personal involvement and the particular data from 
this trial will remain strictly confidential. Only researchers involved in the investigation 
will have access. I hereby fully and freely consent to let my child to participate in the 
study, which has been fully explained to me. Also, I have been told that I will be informed 
if my child result was found abnormal. I understand that I am, free to withdraw from 
testing my child at any time. 
VOLUNTEER'S SIGNATURE: DATE: 
As the investigator responsible 
- 
for this investigation, I confirm that I have explained to the 
participant named above the nature and purpose of the research to be undertaken. 
INVISTIGATOR NAME: Hasan FS Al-Shammari SIGNATURE: 
If you are at all concerned about this, please contact: 
Hasan FS AL-Shammari on 9082072 or e-mail: hsanaml3@hotmail. com 
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Appendix 2 
, HEALTH HABITS AND HISTORY QUESTIONNAIRE 
This form asks questions about your background, - habits and food cating behaviour of 
Kuwaiti children aged between 6 to 13 years. The information you as parents and your 
child provide will help scientists to understand more about the factors which affect the 
health of school children., That knowledge would help us to plan a better environment and 
programmes to help improve their food intake, nutrition and health. 
This form will take about thirty minutes to complete. 'The questions have been grouped 
into four categories. The first one on personal information relate to the family of subjccts. 
Physical activity and leisure interests were grouped in section two. Section three is 
concerning food habits and behaviours, and the last section asking spccifically to reveal 
influences on food habits of your child. A few questions may be similar to ones you have 
answered before but please let your child with your assistance, fill them all. If you are not 
sure about an answer, please estimate. 
If you have any questions you would like to ask, please contact the researchers on 
Ve thank you for your time and contribution to this research. 
Official Use 
SECTION ONE: General information about child and parents 
SUBJECTNUMBERI IIII 117 - 
Your AGE: is 
1-1 Years 








How many other siblings live in your house? 
a. None b. 1 --3 c. 4-6 d. above 6 
2. What is the educational qualification of student father? 
a. None b. Primary& intermediate: 
c. High School (secondary) d. University degree & above 2 
3. What is the educational qualification of student mother? 
a. None b. Primary & intermediate 
c. High School (secondary) d. University degree & above 3 
4. What is the net average monthly income of the family by K. D? 
a. less than 250 b. 250 - 500 c. 501-750 
d. 751 - 1000 e. More than 1000 4-- 
SECTION TWO: The following questions are related to your child physical activity 
and leisure interests 
5. How often does your child go to the school (2: 4 days/week): 
a. Walking b. By car 5--- 
6. Does your child undertake a walk to any outdoor/leisure ccntres 
a. Never b. Sometimes c. Always 6-- 
(1-3 days/week) - (2: 4 days/week) 
7. How many hours a day do you exercise? 
a. Never b.: S I, c. >I and< 2 d. >2 
8. What nature of exercise does your child prefer to perform? 
a. Never b. Simple c. Medium , c. Hard 8 
Examples of exercises nature: 
- Simple: slow walking 
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Medium or moderate: gentle cycling, and simple household chores, 
Hard or vigorous: Swimming, volleyball, and football 
9. Does your child enjoy during exercises, if he/she chooses the preferable type? 
a. Never, b. Sometimes. c. Always'--' 9 --- 
10. Does your child enjoy playing with others, if he/she has chance? 
a. Never b. Sometimes c. Always 10 --- 
11. Does your child exercise during hot weather? 
a. Never b. Sometimes., c. Always 
(1-3 days/week) 4 days/week) 
12. How many hours a day does your child watch TV and/or play computer games? 
a. Never b. <I hour c. >I and <2 hours c. ?: 2 hours - 12 --- 
13. How many hours does your child sleep during school days? 
a. <6b. 6 to 8 c. >8 and <10 d. > 10 13-- 
14. How many hours does your child sleep during holidays? 
a. <6b. 6 to 8 c. >8 and <10 d. > 10 14 --- 
SECTION THREE: The following questions are related to your child ood Habits and 
behaviors 
15- Does your child eat at fixed times? 
a. Never b. Sometimes c. Always 15 --- 
(1-3 days/week) (?: 4 days/week) 
16. Does your child eat breakfast either in home or in school? 
a. Never b. Sometimes c. Always 16 
(1-3 days/week) (?: 4 days/week) 
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17. Does your child eat fast food (Macdonald's, Burger king, Hardeez, etc. )? 
a. Never b. Sometimes c. Always 17 
(1-3 days/week) (?: 4 days/week) 
18. Does your child try to avoid fast food, such as Fried chicken, Hamburgers, Chips, 
etc? 
a. Never b. Sometimes c. Always 18 --- 
19. Does your child include vegetables (especially raw) in the meals? 
a. Never b. Sometimes c. Always 19 
(1-3 times/days) (> 4 times/days) 
20. Does your child eat without a real need to food? 
a. Never b. Sometimes c. Always 20 
21. Does your child only eat while sitting at the dinner table or place? 
a. Never b. Sometimes c. Always 21 
22. Does your child focus on what he/she is eating at mealtime and not TV, etc? 
a. Never b. Sometimes c. Always 22 
23. Does your child like others to share with he/she in the food (e. g. brothers)? 
a. Never b. Sometimes c. Always 23 
SECTION FOUR: The following questions are related to your child innuences on 
food habits 
24. Would your child like to have similar food that he/she saw on the TV? 
a. Never b. Sometimes c. Always 24 --- 
25. When your child is with friends, does he/she eat similar food? 
a. Never b. Sometimes c. Always 25 
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26. Does your child follow your (parents) suggestions for eating food? 
a. Never b. Sometimes c. Always 26 
27. Does your child follow Doctor or Dietician plane for the diet, if any? 
a. Never b. Sometimes c. Always 27 
28. Did your child get information about healthy food from others (schools, 
government programs, etc. )? 
a. Never b. Sometimes c. Always 28 
29. 
, 
Does your child like toys, which are introduced by fast food restaurants? 
a. Never b. Sometimes c. Always 29 
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Appendix 3 
Modified Food Record Form (For Ages 6 to 13 years). 
(Adapted and modifiedfrom the National health and Nutrition Examination Survey III 
CDC, US. Dept. of Health and Human Services, 1989). 
Food Record Diary Form 
Subject No ............................................ Age (years) ........................... 
Height (cm) .......................... Weight (kg) ............................................. 
Directions for Using the Food Diary 
I Keep your food diary current. This diary should be kept for a period of ONE 
WEEK and record each day's diary on a separate page. List all foods immediately 
after they are eaten. 
2 Record ONLY one food item per line in this booklet. 
3 Try to describe the food item to the best of your ability and include the amount. 
4 Write down the brand name of any packaged food eaten e. g. Walker's crisp (Salt 
and Vinegar Flavour). 
5 Report only the food portion that you actually ate. 
6 You can record the food eaten using household measures e. g. tablespoons, cups, 
slices of toast or raw apple. 
7 If you know how the food was prepared, please include it e. g. fresh, toasted, 
frozen, baked, boiled, canned, smoked etc. 
8 For canned foods, please include the liquid in which it was canned e. g. fruit 
cocktail in light syrup or tuna in water or pineapple in light syrup. 
9 Do not try to change your diet during the period you keep this diary. 
10 Remember to record the amounts of salad dressings, margarine, butter and 
oils, jam or marmalade and other spreads you use. 
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The example below will help you complete your food diary 
Time of Day 
Food Item and Method ofPreparation 
Amount Eaten 
7 am Apple, raw, fresh I medium 
7 am Ccreal, corn flakes (Kellogg's) I cup 
With sugar, white 2 teaspoonfuls 
With milk, skimmed 
V2 CUP 
11 am Chocolate, (Kitkat) I bar 
I pm Sandwich, tuna, mayonnaise I pack 2 sl iccs 
4 pm Crisps, (Walkers) I pack (30 g) 
7 pm Fish, salmon, baked 10 oz. 
7 pm Rice, white, plain, boiled I small bowl 
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Subject No .................. Day One 
(Please indicate) ................. 
Date ....................... 
Time of Day I Food Item and Method of Preparation Amount Eaten 
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Appendix 4 
Energy expenditure of various activities of moderate duration grouped according to physical activity ratio (PAR). 
PAR 1.2 (1.0-1.4) 
Laying at rest: reading 
Sitting at rest: watching TV; reading; calculating; playing cards; listening to radio; eating. 
Standing at rest. 
PAR 1.6 (1.5 to 1.8) 
Sitting: sewing; knitting; playing piano; driving. 
Standing: preparing vegetables; washing dishes; ironing; general office and laboratory 
work. 
PAR 2.1 (1.9 to 2.4) 
Standing: mixed household chores (dusting and cleaning); washing small clothes; 
cooking activities; hairdressing; playing snooker; bowling. 
PAR 2.8 (2.5 to 3.3) 
Standing: dressing and undressing; showering; hovering; making beds: 
Walking: 3-4 km/h; playing cricket; 
Industrial: tailoring; shoemaking; electrical; machine tool; painting and decorating. 
PAR 3.7 (3.4 to 4.4) 
Standing: mopping floor; gardening; cleaning windows; playing table tennis; sailing. 
Walking: 4-6 km/h; golf; 
Industrial: motor vehicle repairs; carpentry, chemical; joinery; bricklaying. 
PAR 4.8 (4.5 to 5.9) 
Standing: polishing furniture; chopping wood; heavy gardening; volley ball. 
Walking: 6-7 krn/h: 
Exercise: Dancing; moderate swimming; gentle cycling; slowjogging-, 
Occupational: labouring; hoeing; road construction; digging and shovelling; felling tress 
PAR 6.9 (6.0 to 7.9) 
Walking: uphill with load or cross-country; climbing stairs. 
Exercise: averagejogging; cycling. 
Sports: football; more energetic swimming; tennis; skiing. 
Source: the Committee on Medical Aspects of Food Policy (COMA) (Department of Health, 2003). 
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Appendix 5 
Ministry of Health "t 1 11)) 
Kuwait Institute for Medical Specialization 4ýLlt -4t-"- 
V-4o: 
Jl uA" 
Research Unit '-4.041 Lh. 0 
FC7SýENT70RM' 
. ...................................... the undersigned, 
hereby, agree to 
take part in the following research project: 
Project Title: ................................................................. 
Name of the Principal Investigator (P. I. ): ............................... 
1 fimher confirm that I have read the letter "Information for 
participants" and that the following have been explained/provided 
to me: 
a. Aims of study. 
b. Methods used in study. 
C. Alternate (new) procedures or courses of treatment involved 
in the study. 
d. Expected duration of study. 
e. Number of participants in the study 
f. Confidentiality of my personal and medical information will 
be maintained. 
g. My rights as participant will be respected. 
h. Persons whom I can contact for further information. 
3.1 further acknowledge that I give my consent voluntarily without 
pressure from any person or authority and that I have the right to 
refuse or withdraw at any time without penalty or loss of benefit. 
.... I ......................... i: ....................... Signature of participant/ ignature of witness 
authorised representative 
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Information for Participants 
Researchers should explain explicitly the following points which 
participants are keen to know: 
" Explanation of all the points stated in the "Consent Fon-n" 
" Methods which will be used and quantities of samples which 
will be collected from participants 
Description of any Toresecable risks or discomfort 
Description of expected benefits 
Assurance of participants that all their rights will be respected 
(ý 
C'". S-ALX a-14" 
I 
L- UL6 ijj 6"Ij 
jjl " vi Z. )-4ij J-UA &,. > C. J.: 0 
(: e --, 4ij Z4J 41 e- -, L4 vi vu (3-ýj - t*GLAJ 
2A4 4+. q Zi., ZJ ; Utp. Jj )lau. 031 0 
, t, 4 Z-A lilii31 0 
vi t3; t- &- uk- 412 0 
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Appendix 6 
MINISTRY OF HEALTH 
KUWAIT INSTITUTE FOR MEDICAL SPECIALIZATION 
STUDIES AND RESEARCH UNIT 
Ref. 
Date 3 --> 
J1Jj 
'4V uWI LaU LJ3I L4L4 
-I 
To: Mr. Hassan Falch Al-Shammari 
Public Health Laboratories Departmeýt 
Miriistry of Health 
Prnf moý='med AA Moussa 
14ý1, d Itatewch UNO 
From: Prof. Mohamed A. A. Moussa 
Chairman, Medical Research Ethics Committee 
Research Unit, KIMS 
Subject: Ethical decision on the research project: "A study of health 
habits and food choice on the nutritional status 
, 
and obesity risk 
in 6-13 year old school children in Kuwait". 
--------- -- 
Decision of the Medical Research Ethics Committee. 
Ethical permission granted. 
Best wishes. 
c. c.: Secretary General, KIMS 
BeWj*wt Bldg - ft Fbw, Ak" -P0. bw 1793 SOW 13018 KviM 
To : 2410M. 2467M . EAt: 16D . Fa, 24ioM - Tom MWASA 22720 KT IT" It 1, - VA , "-fth ý wil VA - 
il. 
E-nw4infoakWW. oV kW . www ktrnsgrg kw 
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Appendix 7 
Selected socio-demographic indicators of 1536 Kuwaiti school children* aged 6- 13 
years. 
Boys Girls Mean 
NNNN 
No. of siblings 
0-3 276 35.9 301 39.2 577 37.5 
4-6 363 47.3 377 49 740 48.2 
>6 129 16.8 90 11.7 219 14.3 
Parental Education 
Father: 
None 0 0 0 0 0 0 
Primary/Intermediate 215 28 201 26.2 416 27.1 
Secondary 278 36.2 337 43.9 615 40 
University and above 275 35.8 230 29.9 505 32.9 
Mother: 
None 22 2.9 12 1.6 34 2.2 
Primary/Intermcdiate 114 14.8 137 17.8 251 16.3 
Secondary 236 30.7 256 33.3 492 32.1 
University and above 396 51.6 363 47.3 759 49.4 
Net Monthly Family Income (KD)** 
< 250 101 13.2 75 9.8 176 11.5 
250-500 112 14.6 155 20.2 267 17.4 
501 -750 298 38.8 281 36.6 579 37.7 
751-1000 174 22.6 160 20.8 334 21.7 
> 1000 83 10.8 97 12.6 180 11.7 
23 schoolchildren (1.5%), 9 boys (0 6%) and 14 girls (0.9%). were excluded from the total number because inelligibility. 
** I KD =2f 
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Appendix 8 
Energy and nutrient composition of food intake (J: SD and SEM) in relation to age, gender 
and body weight among 6 to 13 year old Kuwaiti school children. 
Variables Sex 6 years 7-10 years I 1- 13 years 
Average SD SEM I Average SD SEM 
I 
Average SD SEAf 
Body weight (kg) M 25.9 3.0 0.7 35.8 8.5 1.2 52.8 12.8 2.3 
F 26.7 3.9 1.1 38.8 7.7 1.1 51.6 8.7 1.4 
Food weight (g) M 1464.3 265.3 66.3 1467.7 251.9 35.3 1632.8 263.3 46.5 
F 1228.4 293.8 84.8 1430.8 293.7 42.8 1571.4 295.6 49.3 
Food energy (kcal) M 1903.3 325.9 81.5 2194.2 359.1 50.3 2408.8 375.3 66.3 
F 1696.5 274.9 79.4 1993.3 325.5 47.5 2255.4 420.3 70.1 
Protein (g) M 76.4 19.9 5.0 80.6 19.6 2.7 91.8 18 3.2 
F 73.0 15.0 4.3 87.6 14 2 100 20.8 3.5 
SF (g) M 29.5 8.6 2.2 32 7.3 1.0 39.6 9.4 1.7 
F 24.1 6.3 1.8 28 8.3 1.2 32.6 11.8 2 
MUFA (g) M 24.1 8.1 2.0 29 8.5 1.2 41 20 3.5 
F 20.5 6.0 1.7 25.2 6.6 1.0 29 6.6 1.1 
PUFA (g) M 10.3 3.6 0.9 11.7 3.5 0.5 16.6 5.1 0.9 
F 6.7 2.9 0.8 8.4 3.6 0.5 10.8 3.6 0.6 
Total lipid-fat (g) M 75.7 19.0 4.7 90.8 17.0 2.4 103 24.2 4.3 
F 70.7 17.0 4.9 79.9 16.1 2.4 95.4 20 3.3 
T. carbohydrate (g) M 230.3 34.6 8.7 254.5 55.2 7.7 271.2 48.7 8.6 
F 193.8 28.5 8.2 224.3 38.3 5.6 252.4 52.1 8.7 
Calcium (mg) M 698.2 138.7 34.7 642.2 181.5 64.3 775 189.8 28.6 
F 704.7 248.7 71.8 802.5 287.7 42 1006.8 316.7 52.8 
Magnesium (mg) M 330.7 56.5 14.1 336.7 51.9 7.3 407.1 77.3 13.7 
F 205.2 44.6 12.9 243.2 71.9 10.5 327.6 90.2 15 
Iron (mg) M 13.9 3.0 0.8 14.9 3.5 0.5 15.2 2.1 0.4 
F 10.5 2.3 0.7 12.8 2.8 0.4 16.7 4.1 0.7 
Copper (mg) M 2.5 0.5 0.1 2.4 0.5 0.1 1.9 0.7 0.1 
F 1.9 0.6 0.2 2.0 0.4 0.1 2.3 0.6 0.1 
Selenium (pg) M 84.1 21.6 5.4 82.8 25.2 3.5 111.4 35,5 6.3 
F 54.6 23.4 6.8 62.6 28.3 4.1 80.4 27.3 4.6 
Ascorbic acid (mg) M 55.2 31.8 7.9 69.7 45.4 6.4 46.4 29.5 5.2 
F 77.1 37.3 10.8 84.5 41.0 6.0 115.4 54.0 9.0 
Folate (pg) M 159.1 43.2 10.8 193.3 88.4 12.4 199.5 37.2 6.6 
F 124.4 55.5 16.0 153.4 69.1 10.1 233.3 87.1 14.5 
Vitamin A (RE)* M 411.9 66.2 16.5 444.8 164.2 23.0 594.8 167.3 29.6 
F 454.9 121.4 35.0 544.2 148.2 21.6 654.0 199.6 33.3 
-RE: pg retinol equivalent/d (I retinol equivalent =I pg retinol or 6 pg P-carotene). SF- Saturated fatty 
acids; MUFA= Mono-unsaturated fatty acid; PUFA= poly-unsaturated fatty acids; TF= Total fat 
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Appendix 9 
Micronutrient intake among 6 to 13 year old Kuwaiti school children compared to UK 
Dietary reference values (DRVs) for selected vitamins and minerals (Department of 
Health, 2003). 
Vitamins& Minerals Current study* RNI EAR LRNI 
Vitamin A (RE) 
6 years 433.4 400 300 200 
7-10 years 494.5 500 350 250 
11-13 years 624.4 600 400 250 
Folate (pgtd) 
6 years 141.7 100 75 50 
7-10 years 173.3 150 110 75 
11-13 years 216.4 200 150 100 
Vitamin C (mg/d) 
6 years 66.1 30 20 8 
7-10 years 77.1 30 20 8 
I 1- 13 years 80.9 35 22 9 
Selenium (ggLdl 
6 years 69.3 20 - 10 
7-10 years 72.7 30 - 16 
11-13 years 95.9 45 - 25 
Copper (mj-)/, d) 
6 years 2.2 0.6 - - 
7-10 years 2.2 0.7 - 
11-13 years 2.1 0.8 - - 
Maignesium (mg/d) 
6 years 267.9 120 90 70 
7-10 years 289.9 200 150 115 
11- 13 years 367.3 280 230 180 
Iron (mg/d) 
6 years 12.2 6.1 4.7 3.3 
7-10 years 13.8 8.7 6.7 4.7 
11- 13 years: 
males 15.2 11.3 8.7 6.1 
females 16.7 14.8 11.4 8.0 
Calcium (mg/d) 
6 years 701.4 450 350 275 
7-10 years 722.3 550 425 325 
11-13 years: 
males 775.0 1000 750 480 
females 1006.8 800 625 450 
Current subjects represent the average values of both genders together, except for the values of iron and calcium in agc 




Subjects of current study body mass index (BMI) and sum triceps and subscapular (SFT) 














6 16 16.91 14.61 17.55 15.4 17.04 14.3 
7 13 18.80 14.61 17.92 15.5 16.72 14.8 
8 14 19.03 14.79 18.44 15.8 16.24 15.6 
9 12 19.14 15.12 19.10 16.2 19.28 17.0 
10 12 21.76 15.62 19.84 16.6 24.44 19.1 
11 10 21.84 16.22 20.55 17.2 28.53 21.4 
12 11 22.28 16.67 21.22 17.8 32.97 21.0 
13 11 23.11 17.12 21.31 18.5 33.27 19.8 
Females 
6 12 17.95 14.61 17.34 15.2 18.72 16.7 
7 11 20.39 14.57 17.75 15.5 20.30 17.8 
8 13 20.98 14.88 18.35 15.8 23.59 20.0 
9 12 21.98 15.36 19.07 16.3 27.61 22.4 
10 11 22.07 15.75 19.86 16.9 28.55 23.6 
11 12 22.46 16.83 20.74 17.5 29.33 25.5 
12 12 22.49 18.26 21.68 18.1 32.28 26.6 
13 12 23.45 19-09 22.58 18.7 34.61 28.7 
*Magbool, 1994, "Cole etaL, 2000, ***NCl-JS-CDC reference population, and ****Frisancho, 1990 
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